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Abstract 
This dissertation consists of six chapters assessing the prevalence, correlates, and dietary impact 
of label usage in college students. Chapter 1 provides a summary and overall of the theoretical basis for 
this work. Chapter 2 reviews predictors of nutrition label usage and estimates an overall prevalence of 
label usage in college students based on 16 studies. Here we report an overall nutrition label usage 
prevalence from pooling studies, and correlates of usage. Chapter 3 reviews the relationship between 
nutrition label use and dietary quality in 25 studies in college students, with a special focus on setting. We 
report on the impact of label presence or use by setting, dietary outcome, and by the type of labels used. 
Chapter 4 reports our empirical results of the impact of label location on label awareness and usage in a 
dining hall setting. Additionally, we also examined the most preferred pieces of nutrition information and 
reasons for label non-use. Chapter 5 focuses on the coding system we developed for analyzing food 
selection and intake using digital photography. We measured selection, servings, and consumption of 
food categories suggested by Dietary Guidelines for Americans within university students in a self-serve 
dining hall setting. We also report our inter- and intra-rater agreement. Chapter 6 uses the digital 
photography and coding system developed in Chapter 5 to assess the impact of nutrition label usage on 
diners’ selection and consumption. We had the advantage of combining survey data with dietary intake 
data to assess the relationship between dietary intake and nutrition label usage. Here we report on how 
label users and non-users meals differed in terms of selection, servings, and consumption.  
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LITERATURE REVIEW 
Chapter 1: Preface 
Posting nutrition labels in restaurants and cafeterias has become common as a tool to improve 
nutrition and decrease weight gain. The Affordable Care Act now requires restaurants with more than 20 
locations to post nutrition information on menus and menu boards1. However, recent systematic reviews 
and meta-analyses have questioned the impact of posting nutrition labels, concluding that traditional 
textual labels do not improve dietary selections for general adult populations2,3. While suggestive labels, 
such as those with traffic-light symbols, stars, or physical activity equivalents, may improve efficacy, yet 
to be determined are who responds best to labeling interventions and how label usage impacts the quantity 
and quality of food selection and consumption.  
This dissertation focuses on two aspects of nutrition labels: who uses them, and what impact does 
usage have on nutrition? Our population of interest is early-stage college students, a population at 
particular risk of weight gain and physical inactivity accompanied by increased intake of fast food, and 
decreased intake of fruits and vegetables4,5. Improving nutrition in college students is particularly crucial, 
because behaviors established at this time may become habitual and last through adulthood5. Over the 
course of Fall 2014, we surveyed 3,603 diners in four University of Illinois dining halls to assess: the 
impact of label location on awareness and use, whether rates of label awareness and use change over time, 
label information preferences and reasons for not using labels, and dietary selection and consumption. 
Data were collected in three cross-sectional waves, Monday-Thursday of the 4th, 8th, and 12th weeks of the 
semester. Our intervention testing the effects of label placement involved posting labels on sneeze guards 
in two dining halls, and directly next to food in the remaining two facilities. Two data collection 
techniques were utilized each week; surveys were used to assess label awareness and usage along with 
other socio-demographic and behavioral characteristics while digital photography (pre- and post-meal 
photos) was employed to measure dietary selection and consumption. This intervention was unique in that 
it was one of the largest studies of nutrition label usage in a cafeteria setting. By studying usage only in 
college students with similar education, age, and living and dining environments, the goal was to identify 
the factors that make students receptive to labels, and provide a context for improving nutrition in this 
population. Additionally, we developed and piloted a digital photography coding system for objectively 
measuring dietary intake. 
This dissertation consists of five studies. Chapter 2 reviews predictors of nutrition label usage and 
estimates an overall prevalence of label usage in college students and young adults based on the existing 
literature (paper published online by Public Health Nutrition). We found an overall nutrition label usage 
prevalence of 36.5%; nutrition label use was more common for females, those with positive attitudes 
towards healthy diet, those who believed in the importance of nutrition labels in guiding food selection, 
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and those with higher self-efficacy, and nutrition knowledge and education. From our review, we 
identified some limitations in the current literature. The most striking is the inconsistency in the 
definitions of label use, for which there is no standard instrument. From our observations of the literature, 
we endeavored to measure usage in a way that was easy to understand for respondents and precise (both 
in time frame of use and specific information used) for our empirical studies in Chapters 4 and 6. Second, 
self-reported label use may not reflect actual use. Third, the vast majority of studies reviewed measured 
only a few correlates of use instead of comprehensively trying to understand reasons for usage, beliefs 
about diet, and the many factors that may potentially impact usage or eating behaviors; we address this 
limitation by designing our study to investigate many different possible correlates of usage and eating 
behaviors, including stress, sleep, exercise, weight goals, and food tracking. Last, this review was unable 
to measure the impact of label usage on dietary intake, which we discuss in Chapter 3.  
Chapter 3 goes one step beyond who uses labels and asks: what is the relationship between label 
use and dietary quality? Here, we review the relationship between nutrition label use and dietary quality 
in 25 studies in college students, with a specific focus on study setting (e.g., college cafeterias, campus 
convenience stores, vending machines, laboratory settings, etc.). Twenty of the 25 studies showed that 
nutrition label use or presence was positively associated with some measure of dietary quality in at least 
some participants. Of the 11 studies set in college cafeterias, two found negative effects of nutrition 
labels, seven found positive effects, and two found no overall effects. For the five set in on-campus 
convenience stores and dining units and using vending machines, three found no impact of labeling while 
two found a positive impact. The four laboratory studies all displayed improvements in dietary intake in 
the presence of nutrition labels. All five of the cross-sectional studies, where students were either 
recruited online or on-campus in general settings, reported that nutrition label users were more likely to 
exhibit other positive dietary behaviors. Comparing different types of labels, traffic light, exercise, or 
contextual labels showing recommended daily intake showed greater efficacy than numeric labels. This 
review highlighted two important findings; first, that setting was of crucial importance, since even within 
a college campus the impact of nutrition labels varied between cafeterias and vending machines. Second, 
many different outcomes of dietary quality were used, and it is necessary to collect more standardized 
measures, particularly looking at food quality in addition to quantitative measures like caloric selection or 
intake.  
Chapter 4 reports our empirical results of the impact of label location on label awareness and 
usage in a dining hall setting. We also examined the most preferred pieces of nutrition information and 
reasons for label non-use. Rates of label awareness and usage did not vary by label placement or over 
time. Diners who were obese, had high levels of perceived stress, exercised five or more times/week had 
taken a college-level nutrition course, ate breakfast, tracked their food intake and had good/excellent 
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eating habits reported greater awareness. Diners who were females, overweight, reported higher perceived 
stress levels, exercised three or more times/week, ate breakfast, tracked their food intake, and had 
good/excellent eating habits reported greater usage. Information preferences differed between label users 
and non-users, but calories, fat, and protein were the most preferred pieces of label information overall. 
Not caring, already having a good idea about nutrition information, and not having time were the top 
reasons for label non-use. This paper has been accepted for publication by the Journal of the Academy of 
Nutrition and Dietetics. 
Chapter 5 focuses on the coding system we developed for analyzing food selection and intake 
using digital photography. We utilized digital photography to measure the selection, servings, and 
consumption of Dietary Guidelines for Americans6 (DGA) food categories of university students in a self-
serve dining hall setting. Four coders rated the same set of approximately 180 meals for inter-rater 
reliability analyses; approximately 50 additional meals were coded twice by each coder to assess intra-
rater agreement. Inter-rater agreement between three coders and the lead coder was high at 93.5%; intra-
rater agreement was similarly high with an average of 95.6% agreement. The highest rates for agreement 
were for the selection and servings of food categories whereas estimating consumption, particularly for 
items such as beans and cheese that often were part of mixed dishes, was more challenging. We 
concluded that digital photography is a feasible method for assessing dietary intake in real-world 
environments and can provide an objective measure of dietary intake in self-serve dining settings with a 
high degree of agreement between coders. This paper is currently under review.  
Chapter 6 uses the digital photography and coding system developed in Chapter 5 to assess the 
impact of nutrition label usage on diners’ selection and consumption. The link between label usage and 
dietary intake is mixed in the literature, but many studies rely solely on self-report dietary data and/or 
inferred label usage (see review in Chapter 3). We had the advantage of combining survey data with 
dietary intake data to assess the relationship between dietary intake and nutrition label usage. Label users 
were more likely to select fruit, vegetables and beans and less likely to select potatoes, fried foods, or 
those with added sugars than non-users. Label users had higher servings and greater consumption of 
vegetables and beans, and fewer of potatoes and refined grains. Label users also consumed more protein 
compared to non-users (all p<0.05). Label users therefore selected and consumed food differently from 
non-users; however, both groups must improve to meet dietary guidelines1. This paper is currently under 
review. 
 
Theoretical Basis 
Our work on the predictors and impact of nutrition labels draws on two main systems of thought. 
First, we draw from the behavioral economics idea that humans act with bounded rationality, particularly 
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when incomplete or limited information is available7. Particularly relevant to eating behaviors are biases 
such as 1) Status quo bias (e.g. going to the same food station every day), 2) Time discounting, or the 
prioritization of present goals over future goals (e.g. the short-term benefit of eating a hamburger and fries 
today is more rewarding than the long-term benefit of eating grilled chicken and steamed vegetables), 3) 
Optimism bias (e.g. planning to start eating well tomorrow, but never following through), 4) Salience 
(e.g. choosing the closest item or the first item seen)8, and 5) herd mentality (e.g. choosing items based on 
peers’ choices)7.  
Nutrition labels are an information intervention with potential to direct consumers to healthier 
choices. In our field experiment, our goal was to better understand both who responds to nutrition labels 
and how they respond. Chapter 4 focuses on the predictors of self-reported nutrition label usage and 
awareness, and reasons for non-usage to gain insight into why individuals may not respond to 
information. The majority of non-users in our sample reported either not caring, not having time, or 
already having a good idea about nutritional content, indicating that while some of these biases (perhaps 
status quo bias or time discounting) may have impacted some individuals, a smaller subset felt they 
already had enough knowledge.  
Chapters 5 and 6 focus on dietary intake assessment and the interaction between label usage and 
intake. While we have not yet attempted to assess different biases (e.g. the impact of peers on dietary 
intake), these chapters create a basis for understanding how cognitive biases may interact with 
information in a cafeteria setting. Some of these psychosocial factors, such as peer influences and stress, 
will be investigated in further analyses and in future studies. 
The second major theoretical underpinning for this work draws from the Social-ecological 
Model6,9, which presents an individuals’ choices and health outcomes as part of a larger system including 
social and cultural norms and values, sectors, settings, and individual factors (see figure on following 
page). To impact change at any level for a complex problem such as nutrition or obesity, it is necessary to 
create changes at each level. Further, a change at any one level impacts each of the other levels. Nutrition 
label interventions are generally considered policy interventions; however, changes in cultural norms and 
values concerning food have created an environment where information is expected to be present at the 
point-of-purchase in many establishments, such as the dining facilities used in our field experiment. We 
attempted to understand how nutrition labeling and placement (a policy implemented in a setting) 
impacted the individual outcome of dietary intake. Thus, we can only make conclusions concerning a 
specific setting and specific outcomes in two levels of the Social-ecological Model. However, it is crucial 
to understand that our field experiment took place within the broader context of society and involving 
different sectors. 
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FIGURES AND TABLES 
 
Figure 1.1. Social-ecological Model shown adapted for the 2015-2020 Dietary Guidelines for 
Americans6, in order to show how social and cultural norms and values, sectors, setting, and individual 
factors interact to impact food and beverage intake and physical activity, contributing to health outcomes.  
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Chapter 2: Correlates of Nutrition Label Use Among College Students and Young Adults: A 
Review1 
 
ABSTRACT 
Objective: Nutrition labels are an essential source for consumers to obtain nutrition- and health-related 
information on food products and serve as a population-level intervention with unparalleled reach. This 
study systematically reviews existing evidence on the correlates of nutrition label use among college 
students and young adults 
Design: Keyword and reference searches were conducted in PubMed, EBSCO, PsycInfo, Cochrane 
Library, and Web of Science. Inclusion criteria included – study design: randomized control trial, cohort 
study, pre-post study, or cross-sectional study; population: college students and young adults 18-30 years 
old; main outcome: nutrition label use; article type: peer-reviewed publication; and language: English. 
Setting: College/university. 
Subjects: College students and young adults. 
Results: Sixteen studies based on data from college surveys in four countries (U.S., U.K., Canada, South 
Korea) were identified from keyword and reference search. Reported prevalence of nutrition label use 
varied substantially across studies; a weighted average calculation showed 36.5% of students reported 
using labels always or often. Females were more likely to use nutrition labels than males. Further, 
nutrition label use was found to be associated with attitudes towards healthy diet, beliefs on the 
importance of nutrition labels in guiding food selection, self-efficacy, and nutrition knowledge and 
education. 
Conclusions: The impact of nutrition labeling on food purchase and intake could differ by population 
subgroups. Nutrition awareness campaigns and education programs may be important mechanisms for 
promoting nutrition label use among college students and young adults; however, evaluation is needed to 
determine whether label use leads to improved dietary decisions.   
                                                     
1 Reprinted, with permission, from Christoph MJ, An R, Ellison B. Correlates of nutrition label use among college 
students and young adults: a review. Pub Health Nutr. http://dx.doi.org/10.1017/S1368980015003183. M.J. 
Christoph performed the analysis and drafted the manuscript; R. An and B. Ellison oversaw the methods and design. 
All authors contributed to and approved the final manuscript. 
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Introduction 
Improving diet quality is a key health promotion strategy. Since 1980, a major theme of the U.S. 
federal dietary guidelines has been to increase consumption of nutrient-rich foods and reduce 
consumption of energy-dense foods1. However, a large majority of the American population fails to meet 
these guidelines, with insufficient consumption of nutrient-rich foods such as fruit and vegetables and 
excessive discretionary calorie intake2. 
 Nutrition labels are an essential source for consumers to obtain nutrition- and health-related 
information on food products, and serve as a population-level intervention with unparalleled reach3. A 
substantial proportion of U.S. consumers report regular use of nutrition labels to guide their food 
selection4-7. The perception on the credibility of nutrition labels appears high, whereas findings on the 
relationship between nutrition label use and diet quality remain largely inconclusive4-7. Multiple 
systematic reviews suggest that nutrition labeling alone may not effectively reduce calorie selection or 
intake in general populations8, 9, although labeling appears somewhat effective when paired with 
interpretational aides such as statements about daily nutritional needs9. The substantial variability in study 
results could be partially due to heterogeneities in nutrition label use and dietary habits across population 
subgroups. Children, adolescents, obese older adults, individuals with less education and/or nutrition 
knowledge, people with lower disposable income, and those with limited health awareness are found less 
likely to use labels and/or effectively process the nutrition information presented7, 10, 11. 
One population subgroup that has received less attention in the literature is college-aged students. 
These individuals are often included in the general adult population studies; however, there is evidence to 
suggest this particular subgroup warrants specific attention. During this time, many young adults are 
making the transition from living at home (with family) to living independently. This transition forces 
young adults to start developing their own habits, routines, and preferences (including food and dietary 
decisions)12 – many of which persist into adulthood. Unfortunately, two patterns have emerged for this 
age group: (1) weight gain13, and (2) decreased dietary quality14. Nelson et al.12 noted that the transition 
from adolescence to adulthood is associated with decreased fruit and vegetable consumption, increased 
fast food and soft drink consumption, and lower levels of physical activity. More concerning, longitudinal 
studies show that poor dietary quality in young adulthood is associated with long-term risk of 
cardiovascular15 and metabolic disease16.  
 Nutrition labels may serve as an important preventive tool for college students and young adults 
by encouraging the development of habitual behaviors which could profoundly impact food preferences 
and diet quality later in life12. To date, much of the research assessing comprehension, predictors, and the 
impact of nutrition label use on food behaviors and intake simply considers general adult populations. 
Limited research in young adults suggests that individuals in this subgroup may use nutrition labels, but 
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frequency and predictors of usage are not well known. While the impact of food environment 
interventions has been reviewed in college students17, no reviews have focused on predictors or correlates 
of label usage in college students and young adults. Documenting factors that influence nutrition label use 
in this subgroup is particularly important for informing targeted nutrition interventions and improving the 
effectiveness of nutrition education programs and awareness campaigns. The objective of this study is to 
systematically review existing scientific evidence on the correlates of nutrition label use among college 
students and young adults 18-30 years of age.  
 
Methods 
Study selection criteria 
Studies that met all of the following criteria were included in the review – study design: 
randomized control trial, cohort study, pre-post study, or cross-sectional study; population: college 
students and young adults 18-30 years of age; main outcome: nutrition label use (Nutrition Facts, labels 
within dining halls, or nutrition labels in general); article type: peer-reviewed publication; and language: 
English. Studies were excluded from the review if meeting one or more of the following criteria – case 
reports, case-control studies, non-English publications; non-peer reviewed articles, experiments that 
require nutrition label reading as a prerequisite for study participation, and studies that assess participants’ 
preference for alternative label formats, belief on the accuracy of information presented on labels, label 
comprehension, or intent to use some hypothetical rather than actual labels. 
 
Search strategy 
Keyword search was performed in PubMed, EBSCO, PsycInfo, Cochrane Library, and Web of 
Science. The search algorithm included all possible combinations of keywords from the following 3 
groups: (1) “nutrition”, “calorie”, “food”, “diet”, or “menu”; (2) “label”, “labeling”, or “labelling”; and 
(3) “college student”, “university student”, “young adult”, “university cafeteria”, or “college cafeteria”. 
Articles with 1 or more of the following keywords were excluded: “supplement”, “pharmacology”, 
“medication”, “allergy, “mice”, or “cigarette”. Titles and abstracts of the articles identified through 
keyword search were screened against the study selection criteria. Potentially relevant articles were 
retrieved for evaluation of the full text. 
A cited reference search (i.e., forward reference search) and a reference list search (i.e., backward 
reference search) were also conducted based on the articles identified from keyword search. Articles 
identified through forward/backward reference search were further screened and evaluated using the same 
study selection criteria. Reference searches were repeated on all newly-identified articles until no 
additional relevant article was found. 
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Data extraction and synthesis 
A standardized data extraction form was used to collect the following methodological and 
outcome variables from each included study: author(s), publication year, study design, setting, sample 
size, sample demographics, response and/or completion rate, participant recruitment criteria, nutrition 
label use, correlate(s) of nutrition label use, main findings, and conclusions. 
A meta-analysis could not be conducted due to the dissimilar nature of study designs and 
outcome measures (i.e., alternative definitions and instruments on nutrition label use). Analysis included a 
narrative review of the included studies with general themes summarized18, in addition to a weighted 
average of nutrition label usage prevalence for the thirteen studies with similar Likert scale responses for 
label usage frequency (most studies used 3-, 4-, or 5-point scales). Responses were grouped into 3 
categories: (1) always or often, (2) sometimes, and (3) rarely or never. Overall prevalence for each 
category was calculated by dividing the number of students in each category by the total sample size of all 
the included studies. 
 
Study quality assessment 
The quality of each study included in the review was assessed by the following 8 criteria, adapted 
from U.S. National Institutes of Health19 recommendations and tailored specifically for assessing the 
cross-sectional studies included: (1) study design and data collection procedures were clearly documented 
(yes = 1, no = 0); (2) sample size (4002 or more participants = 1, less than 400 participants = 0); (3) 
response or completion rate reported (yes = 1, no = 0); (4) survey instrument was validated (yes = 1, no = 
0); (5) considered demographic correlates of usage (yes = 1, no = 0); (6) considered non-demographic 
correlates of usage (yes = 1, no = 0); (7) used regression analysis to examine the relationship between 
label usage and multiple predictor variables/correlates simultaneously (yes = 1, no = 0); and (8) non-
restricted population wherein participants were not excluded from eligibility for any factor other than age 
or student status (yes = 1, no = 0). Full definitions for all study criteria are available in Table 1.1. Given 
these criteria, total study scores could range between 0 and 8. Study quality score helped measure the 
strength of study evidence but was not used to determine the inclusion of studies. 
 
Results 
                                                     
2Since usage prevalence in college students and young adults has not been previously reviewed, we used the most 
conservative estimate of 50% prevalence for our power analysis calculation to gauge necessary sample size to detect 
significant correlates of usage at the 95% confidence level.  
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As Figure 2.1 shows, among a total of 235 unduplicated articles identified through keyword and 
reference searches, 197 were excluded in title and abstract screening. The remaining 38 articles were 
reviewed in full texts, in which 22 studies were excluded due to the following reasons: age ineligibility (n 
3)20-22, no assessment of nutrition label use (n 11)23-33, an ineligible study design (n 8), which included 6 
experiments that required participants to read a nutrition label34-39, 1 semi-structured interview40, and 1 
case-control study41. The remaining 16 articles were included in the review. 
 
Basic characteristics of selected studies 
 Tables 2.2 and 2.3 summarize the 16 peer-reviewed journal articles included in the review. All 
but two studies were published in 2005 or later. Studies were conducted in 4 countries: U.S. (n 13)42-54, 
U.K. (n 1)55, Canada (n 1)56, and South Korea (n 1)57. Among the U.S.-based studies, 2 were conducted in 
the West (California, Oregon)48, 54, 4 in the South (Georgia, Missouri, Louisiana, Texas)42, 49, 51, 53, 4 in the 
Northeast (Pennsylvania, New York, Vermont, Connecticut)43, 46, 47, 50, and 3 in the Midwest (Nebraska, 
Minnesota, Ohio)44, 45, 52. All studies were surveys conducted in college or university settings. Ten of these 
surveys were administered in person, four online43, 45, 54, 55, one via telephone47, and one did not state the 
administration method51. 
 
Prevalence of nutrition label use 
Although most of the studies had slightly different measures of label use, the majority of studies 
shared similar response categories for the frequency of label usage (3-, 4-, or 5-point Likert scales that 
were typically anchored by never and always). In order to merge the different scales, we look at usage 
frequency using a 3-point scale (always/often, sometimes, rarely/never)3. Thirteen out of the 16 studies 
were included in this analysis; the remaining three were excluded for only reporting usage as a 
dichotomous (Yes/No) variable57, not reporting overall usage frequency42, and only reporting usage as a 
continuous number from the frequency scale52.4  Table 2.4 provides the breakdown for each frequency 
category across the 13 studies. Using this information, we calculated a weighted average of label usage 
frequency among college students and young adults. The results in Table 1.4 show that 36.5% of college 
students reported using nutrition labels always or often. Almost the same percentage (36.7%) of students 
reported using labels sometimes, whereas 26.8% reported using labels rarely or never.  
 
                                                     
3It should be noted that some studies used slightly different wording (e.g., none of the time, every single time, 
 always or almost always); however, all scale points could be classified into one of these three categories. For  
 exact wording, refer to the Measure of Nutrition Label Use column in table 2. 
 
4Cha et al.35 and Misra45 did not report the breakdowns of their 5-point frequency scales. Both authors were  
 contacted by email but were unable to provide this information by the deadline given. 
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Correlates of nutrition label use 
 Twelve of the 13 studies that assessed gender differences in nutrition label use found being 
female was significantly associated with higher label use43-50, 52-54, 56. In the remaining study, Cha et al.42 
found that gender and food label use were not correlated; however, this study only surveyed 103 
participants, 70% of whom were female. One study had female participants only and thus was unable to 
test for gender differences in nutrition label use57, whereas the other two studies did not report the 
presence/absence of gender differences51, 55. 
 Seven studies reported participants’ body mass index (BMI) or body weight status based on BMI 
(i.e., underweight, normal weight, overweight, and obesity), five of which were self-reported47, 48, 50, 55, 57 
and two based on objectively measured height and weight42, 45. Martinez et al.50 found that overweight or 
obese college students were significantly more likely to use nutrition labels in making lower calorie and 
healthier food choices in dining halls. In contrast, Li et al.48 and Krukowski et al.47 found no association 
between BMI and nutrition label use among college students and young adults. While Cooke and 
Papadaki55 did not report on any relationship between BMI and nutrition label use directly, they 
documented that BMI was related to nutrition knowledge and attitudes toward healthy eating – two 
variables which were related to label use. Specifically, they found normal weight college students had 
higher nutrition knowledge than their underweight counterparts, whereas overweight college students had 
lower attitudes towards healthy eating than their underweight counterparts. Other studies found no 
difference in height or weight57 or average BMI45 between label users or non-users. While Rasberry et 
al.53 did not assess BMI, they found frequent label users were almost three times more likely than non-
users to select “weight control” as a reason for using labels. 
 The findings on nutrition label use in relation to age and student classification (undergraduate 
students including freshmen, sophomores, juniors, and seniors, and graduate students) remain mixed. Age 
was found to be positively associated with nutrient label use in two studies42, 52. In terms of student 
classification, one study found that juniors and seniors were more likely to use nutrition labels compared 
to freshmen and sophomores51, whereas Jasti and Kovacs46 found that graduate students were less likely 
to use nutrition labels than undergraduates, possibly due to the higher proportion of international students 
among the graduate student body. A third study by Misra52 found undergraduate and graduate students 
were equally likely to use labels; this result is somewhat surprising given the author also found age was 
positively related to a higher label reading behavior score. Others found no significant changes in 
nutrition label use by age45, 49 or student classification48.  
 There is limited data on nutrition label use in relation to race/ethnicity or marital status. Two 
studies reported that white45 or non-Hispanic white students46 were more likely to use nutrition labels than 
all other races/ethnicities, whereas another study reported no difference in nutrition label use by 
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race/ethnicity48. Only one study assessed marital status but did not find it to be associated with nutrition 
label use48. 
 A few studies examined nutrition label use in relation to attitudes, beliefs and self-efficacy. Four 
studies45, 49, 52, 55 found that attitudes towards healthy eating or preparing healthy meals positively 
predicted nutrition label use. Smith et al.56 found that the only significant predictor of nutrition label use 
in both genders was the belief on the importance of nutrition labels in guiding food selection, although 
beliefs in the truthfulness of labels and diet-disease relationships also significantly predicted usage in 
men. Jasti and Kovacs46 found that belief in the importance of eating a low-fat diet predicted label use, 
while Rasberry et al.58 found that health reasons and looking for specific information related to usage. 
Increased self-efficacy was also documented to be positively associated with nutrition label use42, 57. 
 Several studies found that nutrition knowledge and education predicted nutrition label use. 
Driskell et al.44 found that education on nutrition labels, but not nutrition knowledge, was related to higher 
usage. Others found that nutrition education52, nutrition knowledge55, 58, and self-reported understanding 
of nutrition43 were associated with greater usage. Rasberry et al.53 documented nutrition label use to be 
related to improved knowledge linking diets to certain diseases. Wie and Giebler54 reported college 
students majoring in nutrition were more likely to use nutrition labels compared to their counterparts with 
other majors.  
 A few studies assessed nutrition label use in relation to behaviors; Conklin et al.43 reported that 
students obtaining information on food from weight loss programs were more likely to use labels. 
Performing healthy dietary behaviors45, increased grocery shopping46, eating more meals at home and not 
eating fast food in the past week47, and use of nutritional supplements52 were also positively related to 
label usage. 
 
Study quality 
 Table 2.5 reports the overall study quality assessment results as well as the results for each of the 
16 studies included in the review. On average, studies scored 6.2 out of 8 points (range: 3-8), but the 
distribution of qualifications differed substantially across criteria. The large majority (94%) of studies 
clearly documented the study design and data collection procedures; however, sample size was much 
more variable, ranging from 103 to 1317. Only nine of the 16 studies (56%) met the sample size quality 
criterion of 400 or more participants. Thirteen studies (81%) documented the study response or 
completion rate, and 12 (75%) adopted a previously-validated or pilot-tested measure on nutrition label 
use. Almost every study (94%) reported usage in relation to at least one demographic correlate, and 81% 
of studies reported usage in relation to at least one non-demographic correlate. Only half of the studies 
used regression analysis to examine the relationship between label usage and multiple predictor 
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variables/correlates simultaneously. Finally, most of the studies (88%) examined free-living college 
students and young adults in general (no population restrictions). 
Discussion 
This study systematically reviewed existing evidence on the correlates of nutrition label use 
among college students and young adults 18-30 years of age. A total of 16 studies based on college 
surveys in 4 countries (U.S., U.K., Canada, and South Korea) were identified from keyword and reference 
search. Reported prevalence of nutrition label use varied substantially across studies; however, a weighted 
average across all studies revealed 36.5% of college students and young adults reported using labels 
always or often (36.7% said sometimes, 26.8% said rarely or never). Twelve of the 13 studies that 
assessed gender differences reported that females were more likely to use nutrition labels. Nutrition label 
use was also found to be associated with attitudes towards healthy diet, beliefs on the importance of 
nutrition labels in guiding food selection, self-efficacy, and nutrition knowledge and education. In 
contrast, findings on nutrition label use in relation to age, classification, race/ethnicity, marital status and 
body weight status were largely inconclusive. 
 Our results are consistent with studies that examine label use in the general population. Guthrie et 
al.59 and Campos, Doxey, and Hammond3 report prevalence estimates of 71% and 75% in U.S. 
populations (label usage is defined as using information at least sometimes), similar to our prevalence 
estimate of 73.8% for young adults who use labels at least sometimes. Additionally, Cowburn and 
Stockley6 and Campos, Doxey, and Hammond3 conducted reviews examining predictors/correlates of 
label use in the general population and found many of the same relationships we observe in this review. 
Similarly to our results, women were more likely to use labels than men as were individuals with high 
nutrition knowledge or nutrition education, positive attitudes toward diet and health, or who practice 
healthy eating habits and dietary behaviors. Both reviews also found that label use was related to general 
education level and income; however, due to our restricted population, we were unable to assess the 
relationship between these variables and label usage. Surprisingly, the general population reviews do not 
report on the relationship between BMI or weight status and label usage, which was a common variable of 
interest for many of the studies included in this review.  
It is important to note that in many of the studies reviewed (both in young adult and general adult 
populations), label use is typically based on self-reported data, which may not reflect actual use. Although 
a majority of U.S. consumers report regular use of nutrition facts label, in-store observations suggest 
actual use during food purchase can be lower60. Moreover, whether consumers can understand and use 
nutrition facts label is contingent upon the purpose of the task4-7. Regular label users can understand some 
of the terms but may be confused by other types of information. A majority appears capable of retrieving 
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basic facts and making simple calculations/comparisons between products using numerical information 
on the label, but their ability and accuracy declines as the complexity of the task increases. 
 Further, while it is critical to understand which types of individuals are more likely to use 
nutrition labels, the question remains whether label use actually leads to improved dietary behavior. In 
their review of the general population, Campos, Doxey, and Hammond3 discuss several studies that find 
an association between nutrition label use and diet. Some studies found label users to have healthier diets 
overall while others found label users had lower intake levels of certain nutrients (e.g., fat, cholesterol) 
than non-users. In the present review, five studies examined the relationship between label use and dietary 
quality in college students and young adults42, 45, 46, 48, 55. Four of the five studies found that label use leads 
to improved dietary quality42, 45, lower consumption of fried foods46, decreased fat intake, and increased 
fiber intake48. Interestingly, Cooke and Papadaki55 found that label use was negatively related to dietary 
quality when nutrition knowledge and attitudes are controlled for. Looking beyond standard nutrition 
labels on packaged foods, there are also several studies that have examined the link between calorie label 
use in restaurants and food choice. While this portion of the literature considers a different meal setting 
(eating away from home instead of eating at home), it has the advantage of examining the relationship 
between label use and food choice in more natural settings (actual restaurants). In contrast to the majority 
of studies included in the Campos, Doxey, and Hammond3 review, these studies did not solely rely on 
self-reported data; label use may have been self-reported, but diet quality and food choice were often 
directly observed. Generally speaking, this body of research provides a less optimistic view on the ability 
of labels to impact dietary quality. Systematic reviews in adults suggest that simply posting calorie 
information may not impact calorie purchases or consumption8, 61; thus, the link between label use and 
dietary behavior is still unclear.  
 A few limitations are present in the existing literature on the prevalence and correlates of 
nutrition label use in college students and young adults. There remains no standardized instrument to 
assess nutrition label use, and often there is a lack of distinction between the nutrition facts labels on food 
packages and nutrition/calorie labels on food venue (e.g., fast-food outlet, full-service restaurant, 
cafeteria, or dining hall) menus, and between nutrition label formats (e.g., front-of-pack, traffic light 
label, front-of-pack + traffic light label)49, 50, 56. While many studies examined two or more of the 
correlates of nutrition label use, very few studies assessed a comprehensive list of psychosocial factors 
that enabled within-study comparison. Many potentially important correlates of nutrition label use among 
college students and young adults have not been assessed in any of the studies included in the review, 
such as health and/or risk behavior (e.g., smoking5, drinking, and drug use), mental and/or physical 
                                                     
5“Cigarette” was used as an exclusion term since initial searches included numerous articles on cigarette labels as 
opposed to food labels. However, this should not have precluded the included studies from surveying students on 
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health, and neighborhood or campus food environment. In addition, only three of the included studies 
were published outside of the U.S., and even within the included 13 U.S.-based studies, geographic 
regions such as the Southwest, West, and Northwest were underrepresented. Lastly, our review only 
observed correlates of reported use; whether and how usage relates to dietary intake must be further 
assessed, particularly comparing the effect of different labeling schemes, comparing and combining label 
interventions with other nutrition interventions, and surveying large samples over time. 
 In conclusion, this study reviewed correlates of nutrition label use among college students and 
young adults. Reported prevalence of nutrition label use varied substantially across studies, but a 
weighted average reveals that 36.5% of college students and young adults said they use nutrition labels 
always or often. Female gender, attitudes towards healthy diet, beliefs on the importance of nutrition 
labels in guiding food selection, self-efficacy, and nutrition knowledge and education were found to 
predict nutrition label use. While providing nutrition information at the point-of-purchase may nudge 
consumers towards a healthier diet62, findings from this review indicate the potential heterogeneity in the 
impact of nutrition labeling across population subgroups. Nutrition awareness campaigns and education 
programs may be important mechanisms to promote nutrition label use among college students and young 
adults; however, they should be rigorously evaluated to determine whether label use leads to 
improvements in diet quality.
                                                     
smoking habits. In fact, one of the included studies did survey students on smoking habits, but these were not 
reported in relation to usage. 
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FIGURES AND TABLES 
Figure 2.1. Study selection flowchart 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Articles identified in keyword and reference 
search (n = 235) 
Articles excluded on basis of title and abstract 
(n = 197) 
 Articles retrieved for full text evaluation 
(n = 38) 
 
Articles excluded as did not meet inclusion 
criteria (n = 22) 
 
Articles included in the review 
(n = 16) 
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Table 2.1. Definitions of study quality criteria 
Item Criterion of study quality 
1 Study design and data collection procedures clearly documented (yes = 1, no = 0)a 
2 Sample size (400 or more participants = 1, less than 400 participants = 0)b 
3 Response or completion rate reported (yes = 1, no = 0) 
4 Survey instrument validated (yes = 1, no = 0)c 
5 Considered demographic correlates of usage (yes = 1, no = 0)d 
6 Considered non-demographic correlates of usage (yes = 1, no = 0)e 
7 
Used regression analysis to examine the relationship between label usage and multiple 
predictor variables/correlates simultaneously (yes = 1, no = 0) 
8 Non-restricted population (yes = 1, no = 0)f 
aAt a minimum, how subjects were recruited and mode of data collection (e.g., in-person, online) 
should be indicated. 
bUsing the most conservative estimate of 50% nutrition label usage prevalence, a power analysis 
indicates that at the 95% confidence level, a sample size of 384 people would be needed to detect 
significant differences in usage. 
cSurveys were considered validated if they were either adapted from previously published surveys or 
first pilot-tested with the population of interest. 
dDemographic correlates included: gender, age, class, education level, race/ethnicity, BMI, marital 
status. 
eNon-demographic correlates included: knowledge, attitudes, beliefs, self-efficacy, behaviors, 
nutrition education. 
fIndicates the population was not restricted by any factor other than age or student classification. 
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Table 2.2. Basic characteristics of the studies included in the review 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Cha et al., 
201442 
Cross-
sectional; 
colleges and 
universities, 
Atlanta, 
Georgia 
Self-referral and flyers posted at 
colleges, universities, student clinics, 
and via university emails to recruit 
students who were physically inactive, 
and overweight/obese. Those under 
physician-supervised diet/exercise 
regimens or with diabetes or blood 
diseases excluded. Out of 234 recruits, 
106 enrolled in the study; 3 participants 
removed from data analysis. 
103 inactive 
overweight or obese 
young adults; 78.6% 
female; mean age of 
23.99±3.25 years; 
70% African-
American; 59.2% 
undergraduates. 
Age, gender, 
education, 
BMI, health 
literacy, self-
efficacy 
“How often do you use the 
food label when making a food 
selection?” (5-point Likert 
scale where 1=Never, 
5=Always) 
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Table 2.2 (cont.) 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Conklin, 
Cranage, 
and 
Lambert, 
200543 
Cross-
sectional, 
Land-grant 
University, 
Pennsylvania 
Housing and Food Services sent 3290 
first-year students an email invitation 
for the study during the 2nd week of 
classes. 1317 students (40%) responded. 
1317 college 
freshman who ate in 
campus dining 
commons; 
49.3%female.  
Gender, 
information 
sources, 
knowledge, 
motivations 
"I use nutrition and ingredient 
information on food products." 
(3-point Likert scale where 
1=Never, 3=Always); and 
"Nutrition and ingredient 
information supplied in the 
dining commons affects my 
choice of food." (7-point 
Likert scale where 1=Strongly 
Disagree, 7=Strongly Agree) 
Cooke and 
Papadaki, 
201455 
Cross-
sectional, UK 
universities 
134 UK universities from the 
Universities and Colleges Admission 
Service database were invited; 37 sent 
the survey web-link to students. Survey 
closed when a convenience sample of 
500 participants was reached. 
524 college 
students; 75% 
female; mean age of 
24.9 years; mean 
BMI of 23.1 kg/ m2; 
77% 
undergraduates. 
Attitudes, 
knowledge  
“How often do you read the 
nutrition labels on food labels 
before purchasing foods or 
beverages?”  (4-point Likert 
scale where 1=Never or 
Rarely, 4=Always or Almost 
Always; students responding 3 
or 4 were categorized as 
frequent label users) 
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Table 2.2 (cont.) 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Driskell, 
Schake, 
and Detter, 
200844 
Cross-
sectional, 
University of 
Nebraska 
Participants entering or leaving dining 
halls were recruited during a midweek 
lunch period during week seven of the 
semester. Twenty respondents were 
excluded from data analysis for not 
listing sex or being under age 19. 
205 college student 
dining hall patrons; 
44.3% female; 83% 
were 19 to 21 years 
of age; 87% 
undergraduates 
Gender, 
education, 
knowledge 
Current use of Nutrition Bytes 
(dining hall labeling system). 
If user, frequency of usage was 
asked (3-point Likert scale 
where 1=Never, 3=Nearly 
Always) 
Graham 
and Laska, 
201245 
Cross-
sectional, 
community 
college and 
4-year 
university, 
Minneapolis/
St. Paul, 
Minnesota 
Data collectors gave students on 
campus an online survey web link and 
code. 
1201 college 
students; 598 from 
community college 
and 603 from public 
4-year university; 
52.5% female; mean 
age of 21.5 years; 
53.4%  non-white. 
Age, gender, 
BMI, 
race/ethnicity
, dietary 
behaviors, 
nutrition 
knowledge, 
attitude 
toward 
preparing 
healthy meals 
“How often do you read the 
nutrition labels on food labels 
before purchasing foods or 
beverages?” (4-point Likert 
scale where 1=Never or 
Rarely, 4=Always or Almost 
Always; students responding  
3 or 4 were considered 
frequent users) 
27 
 
Table 2.2 (cont.) 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Jasti and 
Kovacs, 
201046 
Cross-
sectional 
Queens 
College, 
Queens, New 
York 
Students from five undergraduate and 
graduate non-nutrition classes were 
surveyed at the end of classes in 
summer and fall. Those under 18 years 
old were excluded. Overall response 
rate of 83%. 
222 college 
students; 56% 
female; mean age of 
23.9±5.6years; 63% 
non-white; 82% 
undergraduate.  
Age, gender, 
race/ethnicity
, shopping, 
attitudes, 
knowledge, 
nutrition 
education 
Participants were asked if they 
used food labels to help them 
make better food choices. (3-
point Likert scale where 
1=Always, 3=Never; students 
responding 1 or 2 categorized 
as users) 
Krukowski 
et al., 
200647 
Cross-
sectional, 
Vermont 
A random sampling telephone survey 
was used on 2 populations: (1) 
Community sample and (2) College 
sample.* Those under 18 years old were 
excluded. Overall response rate of 
60.4% for college sample. 
316 college 
students; 56% 
female; mean age of 
20.5± 3.5 years; 
22.3% overweight 
(BMI ≥ 25). 
Gender, 
BMI, food 
behaviors 
Usage frequency of food labels 
was measured on a 3-point 
Likert scale where 1=Often, 
3=Rarely. 
Li et al., 
201248 
Cross-
sectional, 
Oregon State 
University 
Students were recruited in general 
education classes and given the link to 
an online survey at the beginning and at 
the end of academic terms. 582 students 
completed the survey; however, 94 
observations were removed for 
incomplete responses.  
488 college 
students; 65% 
female; mean age of 
19.62.4 years; 75% 
white; 63% 
freshman; average 
BMI was 23.84.3 
kg/m2.  
Age, gender, 
marital 
status, 
race/ethnicity
, BMI, class 
How often they read food 
labels before buying. (5-point 
Likert scale where 1=Never, 
5=Always) 
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Table 2.2 (cont.) 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Lim et al., 
201557 
Cross-
sectional,  
women’s 
university,  
Seoul, South 
Korea 
300 female students were recruited; 
those with incomplete responses (n= 15) 
and majoring in food or nutrition (n= 
10) were excluded, for a total of 275 
students. 
275 female college 
students; mean age 
of 20.6 years; mean 
height and weight of 
162.4 cm and 52.6 
kg; 34.2% freshmen, 
29.4% sophomores, 
16.4% juniors, 
20.0% seniors.  
Age, height, 
weight, class, 
beliefs  
Participants were asked if they 
read nutrition labels when 
selecting or purchasing 
processed foods or snacks; 
“yes” responses = users; “no” 
or “don’t know” responses = 
non-users.  
Marietta, 
Welshimer, 
and 
Anderson, 
199949 
Cross-
sectional, 
Southeast 
Missouri 
State 
University, 
MO 
Undergraduates taking a basic life 
science class were recruited and 
surveyed in class. 
208 undergraduates; 
67.8% female; mean 
age of 21.7±5.6 
years. 
Age, gender, 
attitude, 
knowledge, 
nutrition 
education 
“When you purchase a food 
product for the first time, do 
you look at the Nutrition Facts 
label on the package?”  (5-
point Likert scale where 
1=Never, 5=Always) 
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Table 2.2 (cont.) 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Martinez et 
al., 201250 
Cross-
sectional, 
Yale 
University, 
CT 
Students were recruited over a four-
month period and received $2 for a five-
minute survey about the dining halls 
Non-undergraduates and those under 18 
years old were excluded. 
487 undergraduates; 
56% female; 
average BMI of 
22.5±2.9 kg/m2; 
17% overweight or 
obese.  
Gender, BMI  
“How often do you look at 
food labels on packaged 
foods?”  
(5-point Likert scale where 
1=Never, 5=Always).† 
McLean-
Meyinsse, 
Gager, and 
Cole, 
201151 
Cross-
sectional, LA 
Students were surveyed on campus 
during spring and fall semesters. 
441 college 
students; 58% 
female; mean age of 
20 years; 35% 
freshman; 87% 
African-American. 
Class Year 
“How often do you read 
Nutrition Facts labels?” (4-
point Likert scale where 
1=Never, 4=Often)  
Misra, 
200752 
Cross-
sectional, two 
Midwestern 
universities 
Survey was mailed to 1,500 students 
(1,000 undergraduate, 500 graduate) 
randomly selected from the registrars’ 
student directories. The return rate was 
36% (n=184 graduate and 353 
undergraduate students).  
537 college 
students; 67% 
female; mean age of 
23±6.1 years; 
freshmen and 
juniors (66%), 21% 
were overweight and 
8% obese.  
Age, gender, 
supplement 
use, nutrition 
education, 
attitudes, 
knowledge 
Four questions based on the 
Label Reading Survey 
assessed the general use of the 
Nutrition Facts panel – exact 
wording not provided. (5-point 
Likert scale where 1=Never, 
5=Always) 
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Table 2.2 (cont.) 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Rasberry et 
al., 200753 
Cross-
sectional, 
large 
university, 
TX 
Students were recruited from 88 
physical education activity program 
courses; 1,294 out of an estimated 2,756 
eligible participants (47% response rate) 
completed surveys. Those under age 18 
were excluded. 
1,294 college 
students; 52% 
female; 48% 
freshman/ 
sophomores. 
Gender, 
weight 
control, 
knowledge, 
attitudes, 
beliefs 
Four items related to usage – 
exact wording for all items not 
provided (4-point Likert scale 
where 1=Never, 4=Always). 
Smith, 
Taylor, and 
Stephen, 
200056 
Single-stage 
cluster 
sampling, 
University of 
Saskatchewa
n, Canada 
Second year classes offered in the 
College of Arts and Science (n=25 
contacted, of which 17 participated) 
were randomly sampled; the response 
rate was 92%.  
553 college 
students; 46.8% 
female; 80.1%   
between the ages of 
18 and 24. 
Gender, 
beliefs 
“How frequently do you use 
the nutrition information 
panel?” (5-point Likert scale 
where 1=None of the time, 
5=Every single time). 
Participants were also asked 
about use of nutrient claims 
using same 5-point scale. 
31 
 
*For the purposes of this review, we focus on the college sample results. However, in some cases, the authors only report results on the combined 
sample (these instances are identified in the findings section in Table 2). 
†Exact usage questions not provided in the manuscript; the wording of this measure was obtained via personal communication with the 
corresponding author. 
  
Table 2.2 (cont.) 
Author(s), 
year 
Study design 
& setting 
Recruitment & Sampling Procedure 
Sample 
characteristics 
Correlate(s) 
Studied 
Measure of Nutrition  
Label Use 
Wie and 
Giebler, 
201454 
Cross-
sectional, 4-
year 
university in 
Sacramento, 
CA 
Contacted faculty randomly, who 
distributed an online survey. Students 
(N=819) in the rosters were invited to 
participate via an e-mail including a 
survey and one follow-up e-mail 
reminder sent to faculty. The response 
rate was 342 out of 819 (42%). 
342 college 
students; 75% 
female; 54% were 
aged 21-30 years 
and 31% were aged 
20 years or younger; 
70% juniors/seniors;  
Gender, 
nutrition 
education 
“I consider the calorie content 
of menu items at restaurants 
before making my choices.”  
(5-point Likert scale where 
1=Never, 5=Always). 
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Table 2.3. Main findings and conclusions of the studies included in the review 
Author(s), 
year 
Main finding Conclusion 
Cha et al., 
201442 
Food label usage was significantly correlated with education, age, and eating 
behavior self-efficacy. In a regression, health literacy and self-efficacy 
explained almost 10% of the variability in food label use; in the full model, 
only self-efficacy was significantly correlated with label usage. 
Strategies to enhance health literacy, self-
efficacy, and food label use should be developed 
in an effort to improve dietary quality.  
Conklin, 
Cranage, and 
Lambert, 
200543 
 21.7% of students said they use nutrition and ingredient information on food 
products always (56.6% responded sometimes, 21.6% responded never). 
Almost 30% of students agreed that nutrition information supplied in the 
dining commons affects their food choice. Females were more likely to use 
labels. Using dining hall labels was significantly related to a self-reported 
good understanding of nutrition, using nutrition labels on food products, and 
obtaining information on food choices from weight loss programs. Usage was 
not related to wanting to be healthy now, avoiding poor health later, food 
allergies, or losing weight. 
One third of students used labels to help make 
food choices in the dining commons; Females 
were more likely use labels and report eating in 
the dining hall because information was 
available.  
Cooke and 
Papadaki, 
201455 
34.7% of students said they always or almost always read the nutrition labels 
on food before purchasing foods/beverages, 28.8% said often, 23.3% said 
sometimes, and 13.2% said never or rarely.†  Logistic regression results 
showed that for every one-point increase in nutrition knowledge and attitudes 
score, the odds of nutrition label use significantly increased by 0.03 (3%) and 
0.2 (20%) times, respectively. Usage was significantly correlated with 
knowledge (0.203) and attitudes (0.137).   
Nutrition knowledge and attitudes significantly 
predict usage. 
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Table 2.3 (cont.) 
Author(s), 
year 
Main finding Conclusion 
Driskell, 
Schake, and 
Detter, 200844 
Nutrition Bytes labels were used by 58.5% of the 205 subjects. More women 
(79.1%) than men (42.1%) reported using Nutrition Bytes labels (P=0.0001). 
Education on nutrition labels resulted in label usage; however, nutrition 
knowledge was not related to label usage. Reasons for using labels were 
general knowledge (51.7%), concern about overall health (49.2%), calorie 
counting (46.7%), and concern about a certain nutrient(s) (43.3%). Common 
reasons for non-use were “it will not change my mind about food items I 
select” (64.7%) and not having enough time (27.1%).  
The majority of patrons used the Nutrition Bytes 
labeling system. Females and those who had 
been educated on nutrition labels were more 
likely to use labels. More efforts on label 
education and linking nutrition, diet, and health 
may improve label use, diet quality, and health 
outcomes.  
Graham and 
Laska, 201245 
35% of students were classified as frequent label readers. Females and white 
students were significantly more likely to be frequent label readers; age and 
BMI were not related to frequent label reading. Nutrition label readers had 
greater nutrition knowledge, better estimates of how many calories and 
fruit/vegetable servings needed to be healthy, and were more likely to 
perform healthy dietary behaviors compared with the infrequent label readers. 
Regression analysis revealed attitude toward preparing healthy meals was 
significantly related to frequent label reading.  
Frequent use mediated the relationship between 
the importance of preparing healthy meals and 
dietary quality, showing that it may be a tool 
that people who value nutrition may use to 
change behavior.  
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Table 2.3 (cont.) 
Author(s), 
year 
Main finding Conclusion 
Jasti and 
Kovacs, 
201046 
24% of students reported always using food labels, 61% reported sometimes, 
and 14% reported never using labels. Females, non-Hispanic whites, and 
undergraduates were significantly more likely to use food labels than their 
male, non-white, and graduate counterparts, respectively. Additionally, 
students with prior nutrition education and grocery shoppers were more likely 
to use food labels. Logistic regression showed good trans-fat knowledge, 
importance of eating a low-fat diet, younger age group, and positive grocery 
shopping status were strong predictors of food label use; prior nutrition 
education, sex, and college level were not.  
White students, undergraduates, females, 
grocery shoppers, and those with prior nutrition 
education or who thought a low-fat diet was 
important used labels more frequently. 
Krukowski et 
al., 200647 
48.4% of college students said they always used food labels; 22.9% said 
sometimes and 28.7% said rarely. Females were significantly more likely 
than males to use labels often (P<0.001). For the combined (college and 
community) sample, participants eating 50% or more home-cooked meals 
were more likely to report looking at food labels often compared to those who 
had <50% home-cooked meals (P<0.001), and those who ate fast-food more 
than once (versus 0 or 1 meal) in the past week were more likely to report 
rarely looking at food labels (P<0.001). Weight status did not influence food 
label use. 
Women were more likely to use food labels than 
men. Eating home-cooked meals and less fast-
food were related to greater food label use while 
weight status was not. 
35 
 
Table 2.3 (cont.) 
Author(s), 
year 
Main finding Conclusion 
Li et al., 
201248 
On a 5-point scale (where 1=Never, 5=Always), the average label usage score 
was 2.9 ± 1.3; 14.6% of students reported always using labels; 21.7% 
reported often, 20.5% reported sometimes, 26.8% reported rarely, and 16.4% 
reported never.† Females exhibited a significantly higher usage score than 
males. Regression analysis further revealed that only gender was significantly 
associated with label usage (females more likely to use than males; P=0.002); 
ethnicity, marital status, class year, and BMI were not associated with usage. 
Females were more likely to use labels than 
males; label usage, in turn, was related to more 
healthful eating habits.  
Lim et al., 
201557 
Label users (37.8%) and non-users (62.2%) did not differ in age, class year, 
height, or weight. Label users had higher positive behavioral beliefs and 
beliefs in the benefits of label usage than non-users, and lower scores for 
negative behavioral beliefs (e.g. using labels is annoying). Label users also 
had significantly higher normative belief scores, indicating these individuals 
perceived more influence from significant others regarding the use of 
nutrition labels relative to non-users. Finally, label users reported greater 
control over constraints such as time, knowledge, impulsive eating, food 
expense and preference for specific foods. Non-users had significantly lower 
confidence in understanding information such as nutrients, % daily value, 
nutrient content per serving size, and serving size.  
Label users had more favorable beliefs about 
using labels and in the immediate benefits of 
reading labels; however, beliefs about long-term 
benefits (e.g. disease prevention) did not differ 
between users and non-users. Label users had 
higher perceived control and did not perceive as 
many constraints to using labels. Nutrition 
education efforts should focus on increasing 
perceived control over label use. 
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Table 2.3 (cont.) 
Author(s), 
year 
Main finding Conclusion 
Marietta, 
Welshimer, 
and Anderson, 
199949 
20.2% of students said they always looked at labels when purchasing a food 
product for the first time; 23.6% said often, 26.4% said sometimes, and 
29.8% said rarely or never. Females looked at labels significantly more often 
than men, and were more likely to use labels to fit a food into their daily diet. 
Regression analysis revealed knowledge, attitude, age, sex, and previous 
experience with nutrition labels explained 14% of the variation in label use, 
with attitude (r2=0.08, P<0.001) and sex (r2=0.04, P<0.01) being significant 
independent predictors. Knowledge (r=0.87, P<0.0001) and attitudes (r=0.27, 
P<0.0001) were correlated with label use.  
Females and those with higher knowledge and 
attitudes were more likely to use labels. More 
label education efforts are recommended to 
increase label usage and improve food choice.  
Martinez et al., 
201250 
19.5% of students said they always look at food labels on packaged foods; 
28.4% said often, 26.1% said sometimes, 20.8% said rarely, and 5.1% said 
never.† Most students (88%) reported nutrition information sometimes, often, 
or always affects their food choices. Women were more likely to look at 
information online, looked more frequently at posted information in dining 
halls, and reported that dining hall labels influenced them to choose healthier 
options. Overweight/obese individuals were more likely to report the labels 
influenced them to make lower calorie and/or healthier food choices in dining 
halls relative to normal weight individuals. 
Most students read labels at least sometimes, 
and nearly half reported selecting a lower-
calorie and/or healthier option because of the 
labels. Females and overweight and obese 
students were more likely to report that labels 
influenced them to choose lower 
calorie/healthier options.  
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Table 2.3 (cont.) 
Author(s), 
year 
Main finding Conclusion 
McLean-
Meyinsse, 
Gager, and 
Cole, 201151 
31.3% of students said they read food labels often, 28.6% sometimes, 16.8% 
rarely, 11.8% never, and 11.6% did not comment. Juniors and seniors were 
more likely to use labels sometimes or often than freshman and sophomores. 
Upperclassmen used labels more frequently. 
Misra, 200752 
On a 5-point scale (where 1=Never, 5=Always), the average label usage was 
3.28 ± 1.12. Undergraduates had higher nutrition knowledge and more 
positive attitudes towards labels than graduate students, but were equally 
likely to use labels. Two-thirds used Nutrition Facts when purchasing a food 
for the first time, comparing products, and purchasing foods with health 
claims. Regression analysis showed that being female, older, having a 
positive attitude toward food labels, using nutritional supplements, and 
previous nutrition education were related to a higher label reading behavior 
score, and accounted for 44% of the variance in label reading behavior. 
Attitude mediated the relationship between nutrition education, knowledge, 
and label reading behavior.  
Most students used labels, had positive attitudes 
towards labels, and thought they were useful, 
accurate, and understandable; however, a third 
could not perform label comparisons. 
Undergraduates were more knowledgeable and 
positive towards labels than graduate students; 
positive attitudes, prior nutrition education, 
older age, and being female were significantly 
and positively associated with label usage. 
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Table 2.3 (cont.) 
Author(s), 
year 
Main finding Conclusion 
Rasberry et al., 
200753 
15.2% of students said they always look at nutrition facts panels when 
purchasing foods; 27.2% said often, 43% said sometimes, and 14.6% said 
never. Label users exhibited greater knowledge of nutrition, label use, and 
diet-disease relationships and more favorable attitudes toward label use than 
non-users. Females also exhibited significantly higher label usage than males. 
Logistic regression results revealed that frequent label use was predicted by: 
health reasons (e.g. diabetes control, balancing diet, being healthier,), looking 
for specific nutrient information (e.g. calories, fat, carbohydrates), weight 
control, and knowledge. Three variables predicted infrequent use: buying the 
foods one wanted regardless of nutrition content, time constraints, and didn’t 
care. 
Females were more likely to use labels than 
males. Frequent label use was related to health 
reasons, looking for specific nutrition 
information, weight control, favorable attitudes, 
and knowledge of nutrition and diet-disease 
relationships. Infrequent use was related to 
desiring specific foods, time constraints, and not 
caring about nutrition information. 
Smith, Taylor, 
and Stephen, 
200056 
29.5% of students said they use the nutrition information panel on food labels 
every single time or more than half the time; 12.3% said about half the time, 
and 56.4% said less than half the time or none of the time. Females were 
significantly more likely to use labels than males. Both male and female 
nutrition label users were more likely to believe in the importance of nutrition 
information on labels. For females, usage was only related to believing in the 
importance of nutrition information on food labels when making food 
choices; for males, believing in the truthfulness of nutrition information panel 
and of a relationship between dietary fiber and cancer were significantly 
higher in users relative to non-users. 
Females use food labels more often than males. 
Label users were more likely to believe in the 
importance of nutrition information on food 
labels than non-users. 
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Table 2.3 (cont.) 
Author(s), 
year 
Main finding Conclusion 
Wie and 
Giebler, 
201454 
14.3% of students said they always consider the calorie content of menu items 
at restaurants before making their choices; 26% said frequently, 25.7% said 
sometimes, 20.2% said rarely, and 12.9% said never. Females were more 
likely to report perception and behavior change following label exposure. 
Nutrition majors or non-nutrition majors who were enrolled in a nutrition 
class exhibited more positive perceptions of calorie counts on menus than 
non-nutrition majors who had not taken a nutrition course.  
Females were more likely to change their 
perceptions and behavior following food label 
exposure. Nutrition education may improve 
attitudes towards nutrition labels, although more 
educational efforts may be needed to turn 
perceptions into behavioral change. 
†Percentage breakdowns for each frequency category were not provided in the original manuscript. These numbers were provided through personal 
communication with the corresponding author. 
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Table 2.4. Estimated label usage prevalence, by study and in aggregate 
  Label Usage Prevalence 
Study Lead Author 
(#)* 
Total N Always/Often (n) Sometimes (n) Rarely/Never (n) 
Conklin43 1317 286 746 285 
Cooke55† 524 333 122 69 
Driskell44 205 14 96 95 
Graham45† 1193 418 442 333 
Jasti46 222 54 136 32 
Krukowski47 316 153 72 91 
Li48† 488 177 100 211 
Marietta49 208 91 55 62 
Martinez50† 486 233 127 126 
McLean-Meyinsse51 390 138 126 126 
Rasberry58 1285 545 553 187 
Smith56 543 163 68 312 
Wie54 341 142 116 83 
     
All Studies 
 
7518 
 
2747  
(36.5%) 
2759  
(36.7%) 
2012  
(26.8%) 
*Three of the sixteen studies could not be included in the review. Cha et al.42 and Misra52 did not report 
the breakdowns of their 5-point frequency scales. Both authors were contacted by email but were 
unable to provide this information by the deadline given. Lim et al.57 was not included in this 
calculation because they usage was measured as a dichotomous Yes/No question rather than usage 
frequency. 
†Percentage breakdowns for each frequency category were not provided in the original manuscript. 
These numbers were provided through personal communication with the corresponding author. 
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Table 2.5. Study quality assessment for each study included in the review and average quality across all studies 
Study Lead 
Author (#) 
Documented 
study design 
and data 
collection 
procedures 
Sample 
size  
Reported 
response or 
completion 
rate 
Validated or 
pilot-tested 
survey 
Considered 
demographic 
correlates  
of usage 
Considered non-
demographic 
correlates of 
usage 
Used 
regression 
analysis 
Non-
restricted 
populatio
n 
Total 
Points 
Cha42 1 0 1 1 1 1 1 0 6 
Conklin43 1 1 1 0 1 1 0 1 6 
Cooke55 1 1 1 1 0 1 1 1 7 
Driskell44 1 0 1 1 1 1 0 1 6 
Graham45 † 1 1 0 1 1 1  1* 1 7 
Jasti46 1 0 1 1 1 1 1 1 7 
Krukowski47 1 0 1 1 1 1 0 1 6 
Li48 1 1 1 1 1 0 1 1 7 
Lim57 1 0 1 1 1 1 0 0 5 
Marietta49 1 0 0 1 1 1 1 1 6 
Martinez50 1 1 1 0 1 0 0 1 5 
McLean-
Meyinsse51 
0 1 0 0 1 0 0 1 3 
Misra52 1 1 1 1 1 1 1 1 8 
Rasberry58 1 1 1 1 1 1 1 1 8 
Smith56 1 1 1 1 1 1 0 1 7 
Wie54 1 0 1 0 1 1 0 1 5 
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Table 2.5 (cont.) 
Study Lead 
Author (#) 
Documented 
study design 
and data 
collection 
procedures 
Sample 
size  
Reported 
response or 
completion 
rate 
Validated or 
pilot-tested 
survey 
Considered 
demographi
c correlates  
of usage 
Considered non-
demographic 
correlates of 
usage 
Used 
regression 
analysis 
Non-
restricted 
populatio
n 
Total 
Points 
Average of  
All Studies  
0.94 0.56 0.81 0.75 0.94 0.81 0.50 0.88 6.19 
*Note: Graham and Laska45 do use regression analysis where label usage is modeled as a function of attitude toward healthy eating, gender, age, 
and race/ethnicity; however, only the regression coefficient for attitude is reported in the paper. 
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Chapter 3: Reviewing the Influence of Nutrition Label Use on Food Choice and Dietary Quality in 
Relation to Study Setting in College Students 
ABSTRACT 
Objective: Our objective was to provide a systematic review of the impact of nutrition labels on dietary 
quality in free-living college students. 
Design: PubMed, EBSCO Academic Search Complete, PsycInfo, and Web of Science were searched 
using terms related to nutrition, labels, young adults and college students, and universities. Included 
studies (1) involved a randomized control trial, cohort study, pre-post study, or cross-sectional study 
design, (2) took place or recruited on a college campus, (3) assessed nutrition label use (Nutrition Facts, 
labels within dining halls, or nutrition labels in general) as a predictor, (4) assessed food choice or dietary 
intake of at least two or more items (experiments measuring intake of only one item, or hypothetical 
choices or purchase intention were not included) as an outcome, (5) were peer-reviewed publications, (6) 
were published in English, and (7) were published online before October 12, 2015. 
Setting: College/university. 
Subjects: College/university students and those eating or shopping from college/university vending, 
cafeterias, or dining units. 
Results: Five hundred sixty eight unique articles were identified. After excluding articles that did not 
assess nutrition label impact on college students’ food choices or dietary intake based on the title and 
abstract, 77 articles were read in full-text, of which 19 met criteria, which included 20 different studies. 
Reference searches produced 5 additional papers, leading to 25 unique studies of the impact of nutrition 
labels on dietary quality. Twenty of the 25 studies reported that those who use or are exposed to nutrition 
labels have improved dietary quality. Of the 11 studies occurring in college cafeterias, two found negative 
effects of nutrition labels, seven found positive effects, and two found no overall effects. For the five set 
in on-campus convenience stores and dining units and using vending machines, three found no impact of 
labeling while two found a positive impact. The four laboratory studies all displayed improvements in 
dietary intake in the presence of nutrition labels. All five of the cross-sectional studies in general settings 
reported that nutrition label users were more likely to exhibit other positive dietary behaviors. Of the 
studies comparing different types of labels, three out of four showed that traffic light, exercise, or 
contextual labels showing recommended daily intake were more effective than simple calorie labels; the 
last study showed that numeric and traffic light labels were equally effective. 
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Conclusions: Nutrition labels likely have a small but significant impact on the dietary intake of college 
students, an effect modified by personal factors, setting, and the type of label used. 
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INTRODUCTION 
Food purchases and consumption outside of homes has risen in the last 30 years1, 2, now 
accounting for almost 50% of the food expenditures of Americans3. Since greater frequency of eating 
outside of home has been associated with higher body weight4, labeling of calorie and nutrition 
information on restaurant menus has emerged as a tool to enable consumers to make more informed food 
selections. However, recent reviews suggest that simply posting calorie information may not impact 
calorie purchase or consumption5,6. A recent meta-analysis has shown that standard calorie labeling did 
not impact calories selected or consumed; however, when labels included contextual information, both 
calories selected and consumed decreased7.  
Some of these inconsistencies may be due to the differential impact of labels on consumer 
subgroups, with studies showing that factors such as health consciousness8, education and meal size9, and 
gender, age, body weight, and restrained eating behaviors impact usage of labels7. Females, dieters, those 
with higher education or income, and those with a special interest or positive attitudes towards nutrition 
and health6,10 are more likely to use labels. However, Sinclair et al. note that many of the studies 
concerning the effects of calorie labeling have not been adequately powered to investigate subgroup 
analysis, especially concerning literacy, nutrition knowledge, dietary needs and goals, and hunger level. 
Cowburn and Stockley10 and Sinclair et al.7 both found that interpretational aids and cues can help 
consumers better understand and use labels; traffic light labels in particular have been noted as being 
more effective at decreasing selection of calories11,12. A second major weakness in the current literature is 
that the wide variability in study design, samples, and analysis make it difficult to compare and review 
studies.  
Numerous reviews have assessed the impact of calorie labeling in general, while studies focusing 
on the college student and young adult population is somewhat lacking. Of particular relevance are 
studies occurring in campus dining settings, which provide a real-world setting and act as a primary 
source of food for many college students living on campus. Focusing on students in campus settings is 
crucial because many young adults are at a critical period in establishing habits. Studies have shown that 
dietary quality13 and fruit and vegetable intake decreases during this time14, and a recent meta-analysis 
estimated that college students on average gain about four pounds during their freshman year15.  
Our objective was to systematically review the impact of nutrition labels on dietary quality in 
free-living college students. 
 
METHODS 
Study selection criteria 
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Studies were included in this review if they (1) involved a randomized control trial, cohort study, pre-post 
study, or cross-sectional study design, (2) took place or recruited on a college campus, (3) assessed 
nutrition label use (Nutrition Facts, labels within dining halls, or nutrition labels in general) as a predictor, 
(4) assessed food choice or dietary intake of at least two or more items (experiments measuring intake of 
only one item, or hypothetical choices or purchase intention were not included) as an outcome, (5) were 
peer-reviewed publications, (6) were published in English, and (7) were published online before October 
12, 2015. Studies using a qualitative, case report, or case-control design, published in a language other 
than English, not peer-reviewed, not occurring on a college campus, requiring participants to read labels 
as a prerequisite for participation, not providing a direct test of the relationship between label use and 
dietary quality or food choice independent of other factors such as food availability or education, and 
reporting hypothetical choices or purchase intention rather than actual food choice or dietary quality were 
excluded. 
 
Search strategy 
PubMed, EBSCO, PsycInfo, and Web of Science were searched using combinations of the following 
keywords (Figure 3.1): (1) “nutrition”, “calorie”, “food”, “diet”, or “menu”; (2) “label”, “labeling”, or 
“labelling”; (3) “dietary quality", "diet", “dietary intake”, “food intake”, "caloric intake", “calorie intake”, 
"nutritional quality", “nutritional intake”, “food choice”, “meal choice”, “food selection”, “food 
consumption”, “meal selection”, “meal consumption”, or "eating" and (4) "college student(s)", "university 
student(s)", "young adult(s)", "university", "college", or "tertiary education". The following keywords 
were used to exclude articles to limit the number of hits: “supplement”, “pharmacology”, “medication”, 
“allergy, “mice”, “rat”, “choline”, “anemia”, “anorexia”, or “cigarette”. 
Articles identified by searches were screened based on the title and abstract; full-text versions of 
relevant articles were retrieved and then screened against the study inclusion criteria. On articles that met 
inclusion criteria, backwards and forwards searches of the articles’ works cited and subsequently 
published papers citing the article were also screened for inclusion. 
 
Data extraction and synthesis 
Data from each study were extracted in a standard format and included: author(s), publication year, study 
design, setting, sample size and demographics, response and/or completion rate, participant recruitment 
criteria, measures of nutrition label use and dietary quality, main findings, and conclusions. 
 
RESULTS 
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As Figure 3.2 shows, among a total of 568 unduplicated articles identified through keyword and 
reference searches, 491 were excluded in title and abstract screening. The remaining 77 articles were 
reviewed in full texts, in which 58 studies were excluded due to the following reasons: age ineligibility (n 
31), inappropriate setting such as a hospital or work cafeteria (n 8), did not report a quantitative outcome 
of food choice or dietary selection involving choice of two or more items (n 10) or the relationship 
between label presence/usage and diet independent of other factors (n 2), labels used were not nutrition 
labels (n 2), nutrition labels were manipulated or participants were primed (n 3), and hypothetical rather 
than actual dietary intake was assessed (n 2). The remaining 20 articles were included in the review. An 
additional five articles were identified through reference searches, leading to a total of 25 articles (26 
separate studies) included in the review. 
 
 
Basic characteristics of selected studies 
Characteristics of the 24 included articles and 25 studies are shown in Table 3.1. Studies took 
place in 4 countries: U.S. (n = 19), U.K. (n = 3), Canada (n = 2), and Belgium (n = 1). Of the 25 studies, 5 
were experimental or quasi-experimental randomized trials wherein calorie labels were either present or 
not present, 15 were pre-post calorie-labeling interventions either with vending machines or in cafeterias, 
and 5 were cross-sectional surveys assessing both nutrition label usage and dietary quality. Study results 
and conclusions are shown in Table 3.2. 
 
Cafeteria and Restaurant Settings 
Eleven studies took place in college cafeterias or restaurants on college campuses. Of these, two 
found negative effects of nutrition labels, seven found positive effects, and two found no overall effects. 
For those finding a negative impact, Aaron et al. 16 found that introducing labels at the start of week 2 in a 
college cafeteria increased the number of calories consumed by 65 subjects verses the 25 subjects eating 
in a control cafeteria over the two-week study. Schwartz et al.17 measured the proportion of customers at a 
quick-service on-campus restaurant who were willing to down-size portions of high-calorie side dishes; 
interestingly, only 14% of customers opted to down-size their side dishes when nutrition labels were 
present, whereas 21% accepted the offer prior to nutrition labeling (p<0.05); further, the overall number 
of calories ordered was higher when the downsizing option was offered while labels were present (1016 
kcal) versus when downsizing was offered without labels present (944 kcal). 
For those finding a positive impact, Chu et al.18 found that average energy content decreased 
slightly upon the introduction of labels (p<0.01) and increased when labels were removed (p<0.05), 
although the slopes for the mean energy content for the entire pre-treatment and treatment periods did not 
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differ (p>0.05). Cinciripini19 found that introducing labels particularly impacted selection of red meat and 
carbohydrate choice, although significance levels were only noted for sub-groups. Davis-Chervin et al. 20 
found that introducing labels when combined with nutrition education posters could impact the proportion 
of students selecting low-calorie and low-cholesterol entrees (both p<0.05); however, in a second 
cafeteria where only labels but not posters were present, introducing labels did not increase the proportion 
selecting low-calorie or low-cholesterol entrees. Ellison et al. 21 found in a full-service restaurant on 
campus that introducing labels resulted in significantly more orders of low- and medium-Calorie items; 
while numeric labels decreased Calories ordered by 27.4 kcal/meal, traffic light labels decreased Calories 
ordered by 55.6 kcal/meal, an effect which persisted after adjustment for other factors. Freedman, 
observing the number of students selecting French fries and salad dressings and the portion size for fries 
and type of salad dressing, found that introducing labels impacted the portion size of fries selected and the 
types of salad dressing, but did not impact the overall proportion of students selecting these items22. 
Hammond et al. found that after labels were introduced, a significantly greater proportion of students 
reported that labels influenced their meal choice; Calories ordered decreased from 825 ± 336 at baseline 
to 734 ± 331 at follow-up while estimated Calories consumed decreased from 769 ± 342 to 671 ± 327 (all 
p<0.05)23. Nikolaou et al. found that the introduction of nutrition labels and nutrition labels including 
information on suggested daily intake decreased Caloric selection for both males and females, with 
Calories per tray dropping by 25% for females and 15% for males overall24.  
Hoefkens et al., conversely, found no difference after the introduction of nutrition labels, with 
average Caloric intake at lunch being 597 ± 114 at baseline and 598 ± 98 at follow-up, and intake over 24 
hours being 2113 ± 566 at baseline and 2046 ± 533 at follow-up (p>0.05); however, Hoefkens et al. did 
find that participants consumed significantly more grams of vegetables at follow-up (p<0.05)25. Lillico et 
al.26 similarly found that introduction of nutrition labels did not change consumption, with 661 ± 309 
Calories consumed at baseline and 601 ± 282 at follow-up (p=0.104).  
 
Convenience Stores and Vending Settings 
Of the studies set in on-campus convenience stores and dining units and using vending machines, 
three found no impact of labeling while two found a positive impact. Cioffi et al. 27 measured the sales of 
selected to-go items across all campus dining units for three years, finding that introducing labels resulted 
in a 6.5% reduction in mean energy content of the items purchased per week, from 476 ± 9 kcals to 445 ± 
8 kcals (p<0.0001). Larson-Brown28 found that purchase of more nutritious foods in vending machines 
increased from 49.8% to 53.7% in the two-month study (p<0.05). 
Conversely, Dingman et al. 29 found that the average number of calories sold neither differed 
before or after the intervention, or between the intervention and control vending machines (all p>0.05). 
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Also assessing vending machine sales, Hoerr and Louden30 found that the proportion of snacks in low, 
moderate, and high nutrient-density groups did not significantly differ in the two-year study. In an on-
campus convenience store, Freedman and Connors31 found a small (3.6%) but insignificant increase in the 
percentage of healthy items sold after items were tagged with a special nutrition label logo; sales of 
tagged cereals, soups, and crackers increased while sales of tagged bread decreased (all p>0.05).  
 
Laboratory Settings 
Studies set in laboratories showed the strongest effects, with all four laboratory experiments 
showing a decrease in calories or the energy density of selected and consumed. James et al.32 found that 
labels, and in particular exercise labels, were effective at decreasing both the amount of calories ordered 
(139 kcal difference between no labels and exercise) and consumed (97 kcal difference between no labels 
and exercise). Temple et al.33 found that those unexposed to calorie labels ate more of both high- and low-
energy dense foods; in a second study, Temple et al.34 found that the interaction between gender, labeling 
condition, and weight group was significant, with labels significantly decreasing the amount consumed by 
lean females but no other gender or weight groups. In a third study in the same article, participants 
exposed to traffic light labels were more likely to purchase green items, but did not differ in purchasing 
yellow or red items34. 
 
General Settings 
All five of the cross-sectional studies reported that nutrition label users were more likely to 
exhibit other positive dietary behaviors. One reported that label usage (5-point Likert scale) was 
significantly associated with a higher Dietary Quality Index-Revised score independent of self-efficacy 
and health literacy35. Cooke and Papadaki36 found that label users consumed more fruits and vegetables 
and less fat and added sugars, although label use was not related to dietary quality after controlling for 
gender, age, BMI, and nationality (model 1), and was actually negatively related to dietary quality after 
controlling for model 1 covariates and nutrition knowledge and attitudes. Graham and Laska37 found that 
frequent label users had greater nutrition knowledge, better estimates of calories and fruit/vegetable 
servings needed to be healthy, and were more likely to eating fruits and vegetables, fiber, have a 
vegetarian diet, and limit fast food and added sugars compared to infrequent label readers. They also 
found label use significantly predicted dietary quality in both those who felt it was important to prepare 
healthy meals (positive attitude toward health eating) and those who did not (P=0.02)37. One found label 
non-users were four times more likely to report high consumption of fried food independent of trans fat 
label information use and knowledge, dietary attitudes, and sex, but were no more likely than non-users to 
eat baked goods38. Another reported that label use was positively related to consuming greater amounts of 
50 
 
fiber (p=0.01) and fruits and vegetables (p=0.06), and was negatively related to consuming a greater 
percentage energy from fat (p<0.001) after controlling for age, gender, race/ethnicity, marital status, class 
year, and BMI39.  
 
Discussion 
Overall, 20 of the 25 studies reported that those who use or are exposed to nutrition labels have 
improved dietary quality. Of the 11 studies occurring in college cafeterias, two found negative effects of 
nutrition labels, seven found positive effects, and two found no overall effects. These studies are perhaps 
the most indicative of real-life settings, and that the majority found a positive effect of labeling is 
encouraging. However, the magnitude of the effect was often small, and even those studies reporting 
overall significant effects had subgroups that were not always impacted by the intervention; further, since 
the dietary quality was measured differently, it is still unclear how nutrition labels might impact dietary 
quality, particularly in terms of selection or intake.  
For the five set in on-campus convenience stores and dining units and using vending machines, 
three found no impact of labeling while two found a positive impact. These studies encompass a wide 
variety of designs, with some lasting a few weeks and others multiple years, and some assessing a very 
limited set of items while others assessed hundreds. Perhaps the most all-encompassing, which assessed 
purchase over hundreds of 45 items over the course of three years, found a significant impact of nutrition 
labels27.  
The four laboratory studies all displayed improvements in dietary intake in the presence of 
nutrition labels; often these effects were large, particularly in comparison to those shown by the cafeteria 
studies. However, even in the laboratory studies, one showed mixed effects, with only lean females 
changing their consumption upon the introduction of nutrition labels.  
All five of the cross-sectional studies reported that nutrition label users were more likely to 
exhibit other positive dietary behaviors. Some research has suggested that nutrition label users are 
fundamentally different from label non-users due to unobserved characteristics40,41; it is thus crucial to 
perform more controlled trials, although well-performed field experiments are likely to present the most 
accurate picture of how consumers interact with nutrition labels in real-world environments.  
The wide variety of dietary outcomes studies included calories, macronutrients, micronutrients, 
dietary fiber, frequency of consuming fried food and baked goods, dietary quality indices, sales of items 
deemed “healthy” using different standards, percentage energy from fat, cholesterol, energy density, 
frequency of consuming fast food, and food groups. This wide array of outcomes is important because 
only with comparing multiple outcomes such as overall food group intake and caloric intake can 
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investigators gain a view of how nutrition labels may be impacting dietary quality; however, it also means 
that the study results are difficult to pool, and estimating the overall impact of labels is non-trivial. 
Of the studies comparing different types of labels, three out of four showed that traffic light, 
exercise, or contextual labels showing recommended daily intake were more effective than simple calorie 
labels; the last study showed that numeric and traffic light labels were equally effective. This concurs 
with research in adults noting that contextual labels produce greater improvements in the number of 
calories selected or consumed7.  
There were several limitations and gaps in knowledge identified in this review. First, the wide 
array of study designs and outcomes limits our ability to pool results. Second, only eight of the 25 
included studies had comparison groups, although 15 of the 25 studies included a pre-post comparison. 
This concern has been highlighted by other research, as Kiszko et al.6 found that nutrition label 
interventions in real-world environments with comparison groups did not significantly decrease calories 
ordered overall. Third, by organizing the results by setting rather than dietary outcomes, we were limited 
by some settings having few studies. In future, it will be important to organize by outcome to better 
understand the current dietary outcomes being assessed, and how each outcome is related to label 
presence or use.  
A strength of this review compared to the recent systematic reviews of nutrition labeling in 
general populations6,7 is that by limiting the population to college students, we were able to observe 
multiple outcomes of dietary quality, instead of simply limiting our outcomes to calories selected or 
consumed. This is a crucial distinction, as some data suggests that while nutrition label users may eat 
similarly to non-users in terms of food amount, there are meaningful differences in the foods selected 
(Christoph and Ellison, under review). Thus, our study was able to comment on overall dietary quality, 
which has been shown to relate to health long-term health outcomes42,43. Second, we were able to 
compare the relationship between nutrition label use and dietary quality across different settings, thus 
showing that the majority of studies in some settings (e.g. cafeterias and laboratories) showed positive 
impact, others (e.g. vending machines) largely showed mixed results or no impact on dietary quality. 
Conclusions 
Nutrition labels likely have a small but significant impact on the dietary quality of college 
students, an effect modified by personal factors, setting, and the type of label used. Labels listing daily 
recommended intake or including traffic lights or exercise equivalents displayed higher efficacy in this 
population. More field studies, particularly involving large samples and control groups, in addition to 
measuring similar outcomes of dietary quality, are necessary to assess the true impact of nutrition labels 
in free-living college students.  
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FIGURES AND TABLES 
Figure 3.1. Search terms are shown in the format used for PubMed.  
("nutrition label" OR "nutrition labels" OR "nutrition labeling" OR "nutrition labelling" OR "calorie 
labels" OR "calorie label" OR "calorie labelling" OR "calorie labeling" OR "food label" OR "food 
labels" OR "menu label" OR "menu labels" OR "menu labeling" OR "menu labelling" OR "label usage" 
OR "label use") 
 
AND ("dietary quality" OR "diet" OR “dietary intake” OR “food intake” OR "caloric intake" OR 
“calorie intake” OR "nutritional quality" OR “nutritional intake” OR “food choice” OR “meal choice” 
OR “food selection” OR “food consumption” OR “meal selection” OR “meal consumption” OR 
"eating") 
 
AND ("college student" OR "college students" OR "university student" OR "university students" OR 
"young adult" OR "young adults" OR "university" OR "college" OR "tertiary education")  
 
NOT supplement NOT pharmacology NOT medication NOT allerg* NOT mice NOT rat NOT cigarette 
NOT choline NOT anemia NOT anorexia 
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Figure 3.2. Study selection flowchart 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Articles identified in keyword searches 
(n=568) 
Articles excluded on basis of title and abstract 
(n = 491) 
 
Articles retrieved for full text evaluation 
(n = 77) 
 
Articles excluded based on: 
 Age ineligibility (n = 31) 
 Non-campus setting (n = 8) 
 No quantitative outcome for dietary 
quality or selection involving two or 
more items (n = 10) 
 Did not quantitatively report on a 
relationship between label use and diet 
independent of other factors (n = 2) 
 Labels were not nutrition labels (n = 2)  
 Labels were manipulated or 
participants were primed (n = 3) 
 Hypothetical rather than actual dietary 
choices were assessed (n = 2) 
 
Articles included in reference searches 
(n = 19, n = 20 unique studies) 
 
Articles included in final study 
(n = 24, n = 25 unique studies) 
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Table 3.1. Study design, recruitment, sample, and definition of label use. 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Aaron, 
199516 
Intervention 
(pre-post), 
dining halls, 
Boumemouth 
University, UK 
University students (normal weight and not on a medically-
supervised diet) were recruited by public advertisement. EXP 
subjects had to regularly eat and agree to eat at the intervention 
cafeteria during the 2-week study, while control subjects had to 
regularly eat at an alternate campus cafeteria. Subjects were 
screened and told the study would investigate the popularity 
and consumption of different foods. After baseline (week 1, no 
labels), in week 2 the intervention cafeteria implemented labels 
containing calorie # and % calories from fat. Subjects in both 
cafeterias selected meals at their respective cafeteria each day 
at lunch, Monday-Friday for two weeks, rated their hunger and 
what foods and portions they selected and ate, and gave 
investigators their tray after eating for plate waste. On the last 
day, subjects were surveyed about restrained eating. EXP 
subjects were also surveyed on their awareness, usage, and 
understanding of labels a week after the study conclusion. 
N=90 undergraduates 
(intervention n= 65, 40 
males, 25 females, avg. 
age 21) and 25 control 
subjects (16 males and 
9 females, mean age 
19.5 yr). Majority were 
normal height and 
weight (self-reported). 
Did the labels 
influence which 
foods you chose? 
Do you think the 
labels have 
influenced your 
food choice at the 
canteen since the 
study? (4-point 
Likert scale, 
1=yes, greatly, 
2=yes, 
moderately, 
3=yes, slightly, 
and 4=no, not at 
all) 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Cha, 
201435 
Cross-sectional, 
colleges and 
universities, 
Atlanta, GA, 
USA 
Students who were physically inactive and overweight or obese 
were recruited through flyers posted at colleges, universities, 
student clinics, via university emails, and through self-referral. 
Those under physician-supervised diet/exercise regimens or 
with diabetes or blood diseases excluded.  
N=103 inactive 
overweight or obese 
young adults; 79% 
female; mean age of 24 
years; 70% African-
American; 59% 
undergraduates. 
106/234 enrolled; 3 
participants were 
removed from analysis. 
“How often do 
you use the food 
label when 
making a food 
selection?” (5-
point Likert scale 
where 1=Never, 
5=Always) 
Chu, 
200918 
Intervention 
(pre-post), 
single-group, 
interrupted time-
series design, 
dining hall, 
Ohio State 
University, 
Columbus, OH, 
USA 
Sales data were collected at pre-treatment (menu board 
included entrée descriptions), treatment (3x5 label cards at 
point-of-selection including calories, serving size, and 
macronutrients for the 12 study entrees), and post-treatment 
(menu board and labels were not present, only a sheet of paper 
listing entrees). Each period was 14 days, except for the post-
treatment, which was 13 days. Six weeks (October 25-
December 8, 2004). Number of entrees sold was 13,951 at pre-
treatment, 14,199 during treatment, and 14,020 at post-
treatment. 
College students with 
meal contracts were the 
main clientele, but the 
dining hall also served 
the public.  
Inferred 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Cioffi, 
201527 
Intervention 
(pre-post), retail 
dining units at 
Cornell 
University, 
Ithaca, NY, 
USA 
Weekly sales data for a sample of pre-packaged food items was 
measured for six semesters from Fall 2006 to Spring 2009, 
from every dining unit on campus. Nutrition labels 
summarizing caloric content and nutrient composition were 
introduced after the third semester, creating a sample of three 
semesters pre-labeling and three post-labeling. Food items were 
categorized as high-calorie, low-calorie, high-fat, or low-fat.  
N/A Inferred 
Cinciripini, 
198419 
Intervention 
(pre-post), 
university 
cafeteria, 
Galveston, TX, 
USA  
One intervention and two baseline periods (each 8-9 weeks) 
were carried out during lunch periods, 3-5 days/week. After 
baseline 1 (BL1), two large signs were posted at the cafeteria 
entrance listing all items and caloric info (IN1); flyers 
describing the signs were distributed for 10 days. A second 
baseline was then occurred (BL2). One researcher positioned at 
a table behind the checkout line unobtrusively observed 
subjects' body classification (lean, normal, obese) and food 
choices from a checklist of 97 food items offered by the 
cafeteria while subjects paid for meals. Over 16 months 
(including two intervention and two baseline periods not 
assessing nutrition label impacts and not discussed in this 
review), 5542 observations were made. 
Primarily 
undergraduate students 
ranging from 18-23 
years frequenting a 
university cafeteria. 
Lean and obese 
participants made up 
30% of those observed. 
Inferred 
60 
 
Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Cooke and 
Papadaki, 
201448 
Cross-sectional, 
UK universities 
134 UK universities from the Universities and Colleges 
Admission Service database were invited; 37 sent the survey 
web-link to students. Survey closed when a convenience 
sample of 500 participants was reached. 
N=524 college 
students; 75% female; 
mean age of 25 years; 
mean BMI of 23.1 kg/ 
m2; 77% 
undergraduates; 34.7% 
of students said they 
always or almost 
always read the 
nutrition labels on food 
before purchasing 
foods/beverages, 28.8% 
said often, 23.3% said 
sometimes, and 13.2% 
said never or rarely.† 
“How often do 
you read the 
nutrition labels 
on food labels 
before 
purchasing foods 
or beverages?”  
(4-point Likert 
scale, 1=Never or 
Rarely, 
4=Always or 
Almost Always; 
3 or 4 were 
categorized as 
label users) 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Davis-
Chervin, 
198520 
Intervention 
(pre-post 
comparison), 
Stanford 
University, 
Stanford, CA, 
USA 
Nutrition labels were posted in two dormitory cafeterias; in 
cafeteria 1, labels were accompanied by nutrition education 
posters; a 5-week baseline period was followed by 5 weeks of 
intervention (Int. 1). In the next trimester, 2 weeks of no-
intervention were followed by 5 weeks of intervention (Int. 2) 
and 3 weeks of no-intervention. In the third trimester, 5 weeks 
of intervention (Int. 3) were followed by 5 weeks of no-
intervention. In cafeteria 2, nutrition labels (but no posters) 
were posted during the third trimester. Intervention signs and 
labels were only posted during weekday lunch and dinners, 
although cafeteria 2 also served breakfast and weekend meals. 
Cafeteria 1 served 175-
200 first-year students 
at each meal; cafeteria 
2 served 450-500 
undergraduates from all 
four classes. 
Inferred 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Dingman, 
201429 
Intervention 
(pre-post 
comparison), 
University of 
North Carolina 
at Greensboro, 
Greensboro, 
NC, USA 
Vending data was collected over the course of an 8-week study 
for 21 machines in 22 residence halls (one set of two residence 
halls shared a machine). Only 18 vending machines produced 
usable data for both pre- and post-intervention, containing 35-
40 snack items. At the beginning of week 5, posters listing 
Nutrition Facts for each snack and highlighting the five 
healthiest products with a Better Choice logo were posted 
beside each of the 9 intervention machines, along with a note 
on the machine referring students to the poster. Intervention 
halls were emailed concerning Better Choice criteria. At 6 
weeks, 1 poster was revised to reflect a new item. At the end of 
the 8-week study, students in the original 22 residence halls 
were emailed a survey.   
Of the 18 residence 
halls, students were: 
67% female, 19 years 
on average, 57% first-
year. The full sample of 
21 halls included 4,128 
students; 45% of those 
surveyed (n=670) lived 
in intervention 
residence halls; 16% 
reported receiving the 
Better Choices email, 
of whom 63% (n=67) 
reported reading it. 
Inferred; a subset 
was surveyed on 
if they noticed 
on-site nutrition 
information and 
if it influenced 
their purchasing 
decisions 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Ellison, 
201421 
Quasi-
experimental 
comparative 
trial, full-service 
restaurant, 
Oklahoma State 
University,  
Stillwater, OK 
Receipts were collected over a 19-week period, yielding 1532 
observations. Diners at each table were given one of three 
menus: 1) conventional with food descriptions, 2) descriptions 
+ calorie number, 3) descriptions + calorie number + traffic 
light symbol (red for entrees over 800 kcal, yellow for 401-800 
kcal, and green for those under 400 kcal). 
The restaurant was 
located on the 
Oklahoma State 
University Campus, but 
is also frequented by 
non-university patrons 
Inferred 
Freedman, 
201122 
Intervention 
(pre-post), 
dining hall, San 
Jose State 
University, CA, 
USA 
Researchers observed student's choices of French fries and 
salad dressings in an all-you-can-eat dining hall for two hours 
during lunch on Monday (only fries), Wednesday, and Friday 
of the baseline week. Fries were counted and categorized into 
“small” (18 or fewer fries) or “large” portions (18 or more). 
Salad dressing choices were recorded. Point of service nutrition 
labels including portion sizes, photos, and slogans (either 
"Portion Size Matters" or "A Small Change Makes a Big 
Difference") were posted for the four-week intervention period, 
and data collection continued every Monday, Wednesday, and 
Friday over lunch. A week after the intervention, students were 
surveyed on label awareness and usage.  
N=1675 students from 
a diverse urban 
university, 18-21 years 
old, living on campus, 
having meal plans, and 
consuming some or all 
of their daily meals in 
the dining hall; N=377 
students were surveyed. 
An average of 756.2 ± 
178.7 students ate 
lunch each day. 
Did seeing 
nutritional 
information 
effect whether or 
not you chose 
that food? If so, 
did the posted 
nutrition 
information 
change how 
much of the food 
you took? 
64 
 
Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Freedman, 
201031 
Intervention 
(pre-post), 
convenience 
store, San Jose 
State University, 
CA 
Baseline sales data was collected for 6 weeks during the middle 
of Fall 2008. After winter break, Eat Smart labels and a poster 
were placed in the convenience store, and a label was placed 
directly beneath healthier food items in the cereal, bread, soup, 
cracker, canned vegetables, granola/energy bars, and salad 
dressing categories. Only cereal, soup, cracker, and bread 
categories were analyzed due to price fluctuations in others. 
Convenience store 
located in a residence 
hall serving 2,000 
students at a multi-
ethnic urban university, 
and mostly served 
students. 
Inferred 
Graham, 
201237 
Cross-sectional, 
community 
college and 4-
year university, 
Minneapolis/St. 
Paul, MN 
Data collectors gave students on campus an online survey web 
link and code. Height and weight were measured on campus. 
N=1201 college 
students; 598 from 
community college and 
603 from public 4-year 
university; 52.5% 
female; mean age of 
21.5 years; 53.4%  non-
white. 
“How often do 
you read the 
nutrition labels 
on food labels 
before 
purchasing foods 
or beverages?” 
(4-point Likert 
scale, 1=Never or 
Rarely, 
4=Always or 
Almost Always; 
3 or 4 = users) 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Hammond, 
201523 
Intervention 
(pre-post, 
naturalistic 
cohort study), 
student 
residence 
cafeteria, 
university in 
southwestern 
Ontario, Canada 
Cafeteria patrons were surveyed over lunch and dinner for 1 
week without calorie labels present, and a second week with 
labels present; these were separated by 6 weeks so that menu 
offerings were the same. Patrons were approached upon exiting 
using an intercept method and completed a 10-minute 
interviewer-administered survey. Participants reported 
demographics, anthropometrics, weight perceptions and 
aspirations, nutrition label awareness and use, and food and 
beverage selections and intake that day. Participants estimated 
portion sizes for non-standardized items. 
N=159 students: 51.6% 
female, 69.2% normal 
weight, 10% 
underweight, 13.2% 
overweight, 1.9% 
obese, and 5.7% not 
stated; 47.8% were 
white. Participants had 
to be at least 16 years 
old and have purchased 
food or drinks at that 
visit, and could only 
take the survey once at 
baseline and once at 
follow-up. 
Participants were 
asked if the 
nutrition 
information 
influenced which 
food items were 
selected and if so, 
what influence 
the nutrition 
information had 
on their food 
choice. 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Hoefkens, 
201125 
Intervention 
(pre-post) test. 
Dining hall 
setting, 
University of 
Ghent, Belgium 
A convenience sample completed three-day food records and 
self-administered structured questionnaires at baseline (October 
and November 2008) and follow-up (April and May 2009). 
Labels were implemented in March 2009. Subjects filled out a 
3-day food diary at baseline and after label implementation. 
The 12 healthiest meal combinations were listed each day with 
star ratings and featured on large posters and in the buffet line. 
Featured meals were given a star if they were 1) <500 kcal, 2) 
<13% of energy saturated fat, 3) <2.2 mg/kcal sodium, 4) 
vegetable: >150 g. Meals with 2, 3, and 4 points were given 1, 
2, and 3 stars. If the meal did not meet recommendations, the 
exclusionary characteristic was written beside it with an 
exclamation mark or a verbal description. Each day, customers 
had the choice of 4 protein sources, 1-2 warm sauces, 2 cooked 
vegetables, 1 salad, and 5 carbohydrates.  
N=224 customers (165 
females and 59 males), 
ages 17-35 (mean age 
21±3 years), regular 
customers of two 
canteens (only 59% of 
the original sample of 
380 completed the 
follow-up). 
Inferred; 
participants were 
asked if they had 
health or weight 
control motives 
when making 
meal choices. 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Hoerr, 
199330 
Intervention 
(pre-post), 
vending 
machines, 
Michigan State 
University, East 
Lansing, MI, 
USA 
Sales of low (chocolate candy bar, nuts, chocolate cookie), 
moderate (chocolate peanuts, granola bar, cheese popcorn), and 
high (pretzels, peanuts butter and crackers, peanuts) nutrient-
dense items were measured in four non-refrigerated vending 
machines in four academic, non-residential buildings, before 
and after the addition of labels. Sales were observed for 1 year 
(during weeks 4-7 of each trimester). In year 2, laminated cards 
including calories, protein, Vitamin A, Vitamin C, thiamin, 
riboflavin, niacin, calcium, and iron were posted over each 
vending item.  
N/A Inferred 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
James, 
201532 
Quasi-
experimental 
comparative 
trial, metabolic 
kitchen and 
graduate 
residence hall, 
Texas Christian 
University, 
Forth Worth, 
TX, USA 
Subjects were recruited by word of mouth, fliers, class 
announcements, and via newsletter at the university and 
surrounding area. Subjects came to a laboratory kitchen 
(N=278) or graduate residence hall (N=22), had height and 
weight measured, and were seated alone, receiving one of 3 
menus for a fast food restaurant. The menus included 1) no 
labels, 2) kcal labels with a statement explaining daily caloric 
requirements, and 3) exercise labels showing minutes of brisk 
walking required to burn the energy from food items (specific 
to males and females). After ordering, subjects were surveyed 
on demographics and eating behaviors. Foods and beverages 
were unobtrusively weighed before and after the meal. 
N=300; 56% female, 
77% college students, 
88% white, mean age: 
21.9 years, mean BMI: 
24.2 kg/m2). Only 
those between 18-30 
years without food 
allergies, not physically 
active, not dieting or 
vegetarian, had not 
taken an upper-level 
nutrition course, not 
pregnant or lactating, 
and not taking 
medications or with 
health conditions 
influencing appetite 
were included 
(N=300/502). 
Inferred; subjects 
in the kcal-labels 
or exercise-labels 
menu types were 
asked if they had 
noticed the labels 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Jasti and 
Kovacs, 
201039 
Cross-sectional, 
Queens College, 
Queens, NY, 
USA 
Students from five undergraduate and graduate non-nutrition 
classes were surveyed at the end of classes in summer and fall. 
Those under 18 years old were excluded. Overall response rate 
of 83%. 
N=222 college 
students; 56% female; 
mean age of 
23.9±5.6years; 63% 
non-white; 82% 
undergraduate.  
Use of food 
labels to help 
make better food 
choices. (3-point 
Likert scale 
where 1=Always, 
3=Never; 1 or 2 
categorized as 
label users) 
Larson-
Brown, 
197828 
Intervention 
(pre-post), 
Brigham Young 
University, 
Provo, UT, USA 
Sales data was collected over 1 month baseline and 1 month 
intervention for vending machines in two adjoining campus 
buildings. Vending machines carried many foods including 
milk, sandwiches, fruit, soft drinks, and candy. Nutrition labels 
posted in March in front of all vended items included calories 
and the percentage of US dietary recommended allowance for 
protein, calcium, thiamin, vitamin C, and iron. 
Students frequenting 
the two buildings 
tended to be majoring 
in general studies, life 
sciences, and 
agriculture. 
Inferred 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Li et al., 
201241 
Cross-sectional, 
Oregon State 
University, OR, 
USA 
Students were recruited in general education classes and given 
the link to an online survey at the beginning and at the end of 
academic terms. 582 students completed the survey, with 488 
complete responses. 
N=488 college 
students; 65% female; 
mean age of 19.6±2.4 
years; 75% white;63% 
freshman; average BMI 
was 23.8±4.3 kg/m2.  
Frequency of 
reading food 
labels before 
buying. (5-point 
Likert scale 
where 1=Never, 
5=Always) 
Lillico, 
201526 
Intervention 
(pre-post), 
student 
residence 
cafeteria, 
university in 
southwestern 
Ontario, Canada 
Cafeteria patrons were surveyed over lunch and dinner for 1 
week without calorie labels present, and a second week with 
labels present; these were separated by 6 weeks so that menu 
offerings were the same. Patrons were approached upon exiting 
using an intercept method and completed a 10-minute 
interviewer-administered survey. Participants reported 
demographics, anthropometrics, weight perceptions and 
aspirations, nutrition label awareness and use, and food and 
beverage selections and intake that day. Participants estimated 
portion sizes for non-standardized items. After completing the 
exit survey, females were invited to complete a 10-minute 
paper-based survey on eating disturbance. 
N=299 female 
undergraduates (51% 
non-white; 71% normal 
weight, 12% 
overweight or obese). 
Students had to be at 
least 16 years, have 
purchased food or 
drinks at that visit, and 
could only be surveyed 
once each at baseline 
and follow-up. 
Participants were 
asked if the 
nutrition 
information 
influenced which 
food items were 
selected and if so, 
what influence 
the nutrition 
information had 
on their food 
choice. 
71 
 
Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Nikolaou, 
201424 
Intervention 
(interrupted time 
series), 
residential 
dining hall, 
University of 
Glasgow, 
Scotland 
A researcher observed the first 100 meal selections for 14-day 
periods within the 5-week menu cycle (identified as having 
high variability in terms of nutrition content) when 1) no 
calorie labels were present, 2) calorie labels were present, and 
3) calorie labels with suggested daily intake were present. In 
addition, ingredient orders placed by caterers for ingredients in 
evening meals were recorded; this was over the course of two 
years (two months each year), not the study periods for the 
meal selections. Data on 4,200 meals, including side dishes, 
were collected over the course of the study periods. 
Subjects were not 
recruited for this sub-
study, and gender 
proportion was not 
recorded. In the larger 
study in the same 
dining hall, 35% 
(baseline) and 48% 
(follow-up) of 
participants in year 1 
reported using labels 
for weight control, and 
65% (baseline) and 
52% (follow-up) 
reported using labels 
for "healthier eating" in 
year 2. 
Not reported; in a 
larger sample in 
the same dining 
hall, participants 
were asked if 
they used labels 
for weight 
control and 
healthier eating.  
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Schwartz, 
201217 
Intervention 
(comparison), 
Chinese fast-
food restaurant, 
Duke 
University, 
Durham, NC, 
USA 
Sales data were collected during lunch hours on Monday-
Thursday; there were 3 baseline days, 4 downsizing offer days, 
2 baseline days, 3 downsizing offer days, and a final 2 baseline 
days were performed. Patrons ordered one of four sides (rice, 
fried rice, low mein, or steamed vegetables) and then one of 16-
20 stir fry entrees. Patrons ordering high calorie (400+) sides 
dishes were invited to take a half portion of their dish and told 
that this would save approximately 200 calories and 25 cents. 
Patrons then placed their main entrée order. Itemized receipts 
were collected, and restaurant supplied the calorie content of 
each item. In the 2nd experiment, dine-in customers were asked 
to bring their leftovers to another location to participate in a 
sham customer satisfaction survey. 
College students, staff, 
and visitors 
Inferred 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Temple, 
201033 
Between-group 
experiment. 
Laboratory 
setting, 
University of 
Buffalo, 
Buffalo, NY, 
USA 
Participants were recruited on campus using flyers and 
screened via telephone. The study occurred from May-August 
2009, and the experiment took one hour per participant. 
Participants came between 11am-2pm, and were told the study 
purpose was to determine how watching movies about food and 
food labels impacted intake. Participants were surveyed on 
demographics and interviewed using a five-step multipass 
method about their intake that morning and the day before. 
Participants were then randomly assigned to watch either a 
movie on the organic food movement or how to read nutrition 
labels, and afterward were offered a buffet lunch either 
including or not including nutrition labels for each preweighed 
item. For each of the 4 conditions, participants rated their 
hunger and fullness directly before and after eating. 
Participants ate alone for 20 minutes, after which 
anthropometric measures were taken.  
N=47; 49% male, 
average BMI=25.9 and 
age=29.9 years; 60% 
were current students.  
Inferred 
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Table 3.1 (cont.) 
Study first 
author, 
year Study Design Recruitment and Procedures Study Sample 
Label Use 
Definition 
Temple, 
201134: A 
Within- subject 
experiment. 
Laboratory 
setting, 
University of 
Buffalo, 
Buffalo, NY, 
USA 
Participants were recruited on campus via flyers and screened 
online for demographics. Participants ate a buffet lunch of 
preweighed items in the laboratory 3 times (approx. 1 hour 
each time): once without labels present, once with standard 
labels present, and once with traffic light labels present (in 
random order). Participants filled out demographic surveys and 
eating preferences during screening, and during the experiment 
filled out ratings of hunger and fullness upon arrival and after 
eating. Participants ate alone for 25 minutes.  
N=51; N=11 lean 
females (avg. age=27 
years, BMI=22), 5 lean 
males (avg. age=21, 
BMI=22), 17 
overweight or obese 
females (avg. age=28, 
BMI=36.3), and 18 
overweight or obese 
males (avg. age=24 
years, BMI=32.1). 
Inferred 
Temple, 
201134: B 
Within- subject 
experiment. 
Laboratory 
setting, 
University of 
Buffalo, 
Buffalo, NY, 
USA 
Participants were recruited on campus via flyers and screened 
online for demographics. Participants ate alone for 25 minutes 
a buffet lunch of preweighed items in the laboratory 2 times: 
once with traffic labels and once without labels present (in 
random order). Participants reported eating preferences during 
screening, and filled out ratings of hunger and fullness upon 
arrival and after eating. Participants were given $6 to spend on 
their selections. During one visit, market price was listed for 
items, and in the other "red" items were taxed 25%. 
N=41 subjects; avg. 
age=24.6 years old 
(non-obese, no labels), 
23.7 years old (non-
obese, exposed to 
labels), 31.6 years old 
(obese, no labels), and 
31.8 years old (obese, 
exposed to labels). 
Inferred 
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Table 3.2. Summary of the included articles dietary outcome measure, main findings, and conclusion. 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Aaron, 
199516 
Energy and 
macronutrient 
intake/selection for 10 
lunch meals. 
EXP subjects ate an average of 874.7±22.5 kcal during week 1 and 
927.0±26.6 kcal in week 2 (p<0.01). Control subjects ate 944.2±50.8 
kcal on average during week 1 and 906.4±54.4 kcal during week 2 
(p>0.05). Among EXP subjects, restrained eaters (N=22) and females 
(N=25) did not change intake or hunger across weeks; however, 
unrestrained eaters (N=43) and males (N=40) increased intake of 
calories and grams of carbohydrates and fat, while decreasing intake of 
grams of protein and % energy from protein, while hunger levels stayed 
the same although they trended towards significance for males. Almost 
all (92%) of EXP subjects noticed the labels but few indicated using 
them (8.4% greatly or moderately, 18.3% slightly, and 73.3% not at all). 
Nutrition labeling did not 
have the intended effect of 
facilitating choice of 
lower-calorie entrees. 
Cha, 201435 
Dietary Quality Index-
Revised for sedentary 
young adults (DQIR-Y) 
Frequent usage of food labels and dietary quality had a correlation 
coefficient of 0.32 (P<0.01). In a model including self-efficacy, food 
label use, and health literacy, label usage predicted significantly higher 
dietary quality independent of health literacy, the other significant 
predictor; the two predictors together contributed to a total R2=0.19 for 
dietary quality.. 
Strategies to enhance 
health literacy, self-
efficacy, and food label use 
should be developed in an 
effort to improve dietary 
quality.  
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Chu, 200918 
Energy content of 
entrees sold 
Average energy content of entrees sold at the start of baseline was 646.5 
kcal, which did not change significantly over baseline. Average energy 
content of entrees sold decreased 12.4 kcal from the last day of baseline 
to the first day of treatment (P=.007). A negative slope for energy 
content of entrees sold was observed during the treatment period (–
0.298 kcal/day), which was overall not significantly different from pre-
treatment slope. Daily average energy content immediately increased 
after labels were removed, and increased at a rate of 1.512 kcal/day 
(P=.013) across the post-treatment period.  
Nutrition labels were 
associated with a small 
decrease in energy content 
of entrees purchased. 
Cioffi, 
201527 
Weekly mean total 
calories and total fat 
purchased per 
FreshTake item 
selected, across all 
labeled items.  
Mean calories purchased decreased significantly across three semesters 
of the pre-labeling period (Fall 2006 vs. Spring 2007, p < 0.01: Spring 
2007 vs. Fall 2007, p = 0.038); in the post-labeling period, however, 
mean number of calories purchased stayed stable (Spring 2008 vs. Fall 
2007, p = 0.758; Fall 2007 vs. Spring 2009, p = 0.968). Mean energy 
content of the items purchased per week decreased significantly from 
476.2 ± 8.7 kcals to 445.3 ± 8.1 kcals per week (p < 0.001) after 
labeling, a 6.5% reduction. Fat content of purchased items similarly 
declined significantly after the introduction of the labeling from 21.5 ± 
0.5 g to 19.9 ± 0.4 (p < 0.001), a 7.4% decrease. 
Adding labels decreased 
purchase of labeled items 
with higher fat and calorie 
content while increasing 
purchase of lower fat and 
calorie items. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Cinciripini, 
198419 
Food choices: non-
starchy 
vegetable/soup/fruit/lo
w-fat dairy, high-
fat/dessert/sauces, red 
meats, 
chicken/fish/turkey, 
regular dairy (included 
fried eggs and 
omelets), carbohydrates 
(potatoes, starchy 
vegetables, and white 
breads), and salads 
From BL1 to intervention, frequency of choosing carbohydrates 
decreased for all subjects, frequency of red meat decreased for all but 
females with obesity, regular dairy products decreased for normal-
weight males and females, and high fat/dessert/sauces decreased for 
females with obesity. Frequency of salad and vegetable/soup/fruit/low-
fat dairy increased for females with obesity. In BL2, carbohydrate 
frequency increased but did not fully recover for lean males and normal-
weight males and females; frequency of red meat increased for all 
groups except normal-weight males; regular dairy frequency stayed at 
intervention levels; increases in salad and vegetable/soup/fruit/low-fat 
dairy and decreases in high fat/dessert/sauces also persisted for females 
with obesity in BL2. With all groups aggregated, the intervention 
produced the greatest changes in red meat and carbohydrate choice from 
BL1 (significance not noted). 
Environmental 
manipulation can impact 
eating behavior; incentives, 
food selection, and gender 
and weight may modify 
this relationship. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Cooke, 
201448 
Daily fruit and 
vegetable intake, % 
energy from fat, fast 
food frequency. An 8-
item dietary quality 
score was calculated 
from: being vegetarian, 
fast food frequency, 
daily mean percentage 
energy from fat, dietary 
fiber, calcium, added 
sugar, fruits and 
vegetables, and dairy 
Mean intake of fat (27.8% vs. 29.0%, P=0.001) and added sugars (2.6 
vs. 3.2 tsp/day, P=0.004) was lower for nutrition label users, but intake 
of fruits and vegetables was higher (2.5 vs. 2.1 servings/day).  In 
regression models, nutrition label use was significantly negatively 
related to dietary quality, but only after controlling for nutrition 
knowledge, attitudes, and gender, age, BMI and nationality. In a model 
accounting for just gender, age, BMI and nationality, label use was not 
related to dietary quality. 
Nutrition knowledge and 
attitudes significantly 
predict usage. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Davis-
Chervin, 
198520 
Proportion of entrees 
chosen that had the 
lowest amount of 
cholesterol, fat, or 
calories of the entrees 
served on a given day 
The average entrée had 319 kcal, 95 mg cholesterol, and 51% calories 
from fat. During the Int. 1 in cafeteria 1, the proportion of students 
selecting low-calorie entrees at lunch increased by 34.5% from 
0.29±0.20 at baseline to 0.39±0.23 on average, p<0.01, while at dinner, 
the proportion selecting low-cholesterol items increased by 28.1% from 
0.32±0.17 to 0.41±0.23, p<0.01. During Int. 2, the proportion of low-
cholesterol items increased 38.5% at lunch and 37.5% at dinner from the 
initial baseline, both p<0.05, and the proportion of low-calorie entrees 
selected at lunch rose by 65.5% from baseline, p<0.01. During Int. 3, 
only proportion of low-cholesterol selections increased from baseline 
levels (53.1%, p<0.01). Selection of low-cholesterol, low-fat, and low-
calorie entrees increased from baseline levels during each intervention 
period and the final no-intervention phase. In cafeteria 2, no increases 
from baseline occurred in selection of low-cholesterol, low-fat, or low-
calorie entrees during the one intervention phase (occurring during In. 3 
in cafeteria 1); in all but one case (low-cholesterol at lunch), the 
proportion selecting these characteristics was lower in the final no-
intervention phase than at baseline.  
More extensive 
intervention (posters + 
labels) in cafeteria 1 had a 
greater impact on 
promoting entrees low in 
calories, fat, and 
cholesterol. The authors 
did not find did not find 
evidence of seasonal 
effects. 
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Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Dingman, 
201429 
Average calories per 
snack, proportion of 
better choice 
56% living in the intervention halls (n=364) reported noticing on-site 
nutrition information, but 60% of those (n=192) reported it did not 
influence their purchasing decisions. Snacks ranged from 100-470 
kcal/package. Class year and sex were adjusted for in all models. 
Average number of calories per snack sold was 252±14 kcal pre-
intervention and 251±21 post-intervention in the 9 intervention 
machines 217±55 pre-intervention and 225±56 post-intervention in the 9 
control machines. The proportion of Better Choice snacks sold was 
6.2% pre-intervention and 6.9% post-intervention in the intervention 
machines, and 8.2% and 6.6% pre- and post-intervention in the control 
machines. Neither the proportion of Better choices nor the average 
number of calories per snack differed (p>0.05) between the intervention 
and control machines or before and after the intervention. 
A multicomponent 
intervention including 
nutrition information, and 
interpretive label, and a 
health 
communication/interpretive 
message did not impact 
average calories per snack 
purchased or purchase of 
Better Choice snacks. 
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Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Ellison, 
201421 
Number of calories in 
main entrée 
Labels resulted in significantly more orders of low- and medium-calorie 
items (P<0.01). In the no-label condition, 29.9% of participants chose 
low-calorie, 35.6% chose medium-calorie, and 34.5% chose high-calorie 
entrees. With numeric labels, 31.6% chose low-calorie, 38.4% chose 
medium-calorie, and 30.1% chose high-calorie items. In the traffic light 
condition, 38.8% chose low-calorie, 33.2% chose medium-calorie, and 
28.1% chose high-calorie items. Numeric and traffic light labels reduced 
the ordering of high-calorie items by 4.4% and 6.4%, respectively. 
Numeric labels resulted in the ordering of 27.4 (4.2%) fewer kcal/meal, 
whereas traffic light labels resulted in the ordering of 55.6 (8.6%) fewer 
kcal/meal. After controlling weekday, time trends, price, traffic light 
calorie labels predicted number of calories ordered (p<0.01) while 
calorie-only labels did not. 
Calorie labeling influences 
food selection; traffic light 
labels were more effective 
at reducing calories 
ordered than purely 
numeric labels. Labels 
were more effective than 
pricing manipulation at 
encouraging healthier 
choices. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Freedman, 
201122 
Choices of salad 
dressing and French 
fries, portion size of 
fries 
Percentage of students selecting French fries did not change from the 
baseline (177.3 ± 30.5, 24.3%) to intervention (183.5 ± 51.6, 25.0%). At 
baseline, 105.0 ± 7.9 (60.0%) students chose large portions, whereas in 
the intervention period, 78.9 ± 20.5 (43.3%) chose large portions, a 17% 
reduction in choosing the large size and a significant difference. The 
proportion of students selecting salad dressing at baseline (19.2 ± 
10.8%) and during the intervention (24.6 ± 7.1%) did not change 
significantly. Regarding types of dressing, only the proportion of 
students choosing the 3rd and 4th most caloric dressings (out of 7) 
increased (P<0.05). Over 90% of those surveyed reported seeing at least 
one nutritional slogan, and 67% reported seeing nutrition information. 
One third (32%, N=73) reported that seeing information affected their 
food choice of French fries, and 24% (N=53) for salad dressing; neither 
were impacted by gender. For portions, 38% (N=84) reported that 
posted nutrition information impacted how much they took for French 
fries, and 26% (N=58) for salad dressing. More females reported their 
portion sizes were impacted by the labels (20% more for fries, 28% 
more for salad dressing, both P<0.05). 
Most students noticed 
labels. Labels significantly 
decreased portion size of 
French fries and increased 
the percentage choosing 
salad dressings with mid-
range energy, but did not 
impact the percentage of 
students who chose fries or 
salad dressing. Labels may 
not always change 
selections, but may 
encourage smaller portion 
sizes, or selection of items 
with similar taste and 
texture to preferred items. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Freedman, 
201031 
Sales of items tagged 
as healthier 
There were no significant differences in the sales or percentage of sales 
of any food item between the baseline and intervention. Sales of tagged 
items increased by 3.6% in the intervention, and the percentage of sales 
for tagged items in the cereal, soup, and cracker categories increased 
while sales of tagged bread decreased (none significant at P<0.05). 
Sales of tagged items 
increased slightly with Eat 
Smart labels. Results may 
have been impacted by 
study duration, selling-out 
of tagged items, and break. 
Graham, 
201237 
Fruit and vegetable 
intake, % energy from 
fat, fast food 
frequency. An 8-item 
dietary quality score 
was calculated based 
on: being vegetarian, 
fast food frequency, 
daily mean % energy 
from fat, dietary fiber, 
calcium, added sugar, 
fruits and vegetables, 
and dairy. 
14.5% of students said they always or almost always read the nutrition 
labels on food before purchasing foods/beverages, 20.5% said often, 
37.0% said sometimes, and 27.9% said never or rarely.† Label readers 
had greater nutrition knowledge, better estimates of calories & 
fruit/vegetable servings needed to be healthy, and were more likely to 
perform 6 of 8 healthy dietary behaviors (P<0.001 for eating fruits and 
vegetables, fiber, a vegetarian diet, limited fast food intake and added 
sugar, but not dairy or calcium consumption) compared to infrequent 
label readers. Attitude toward preparing healthy meals (P<0.001) and 
frequent label use (P<0.001) were associated with higher dietary quality, 
controlling for age, gender, and race/ethnicity. Label use predicted 
dietary quality in those who felt it was important to prepare healthy 
meals and those who did not (P=0.02). 
Frequent use mediated the 
relationship between the 
importance of preparing 
healthy meals and dietary 
quality, showing it may be 
a tool that people who 
value nutrition may use to 
change behavior.  
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Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Hammond, 
201523 
Calories ordered and 
consumed 
At baseline, 9% of participants (22% among just those who reported 
noticing it) said that nutrition information influenced their meal choice; 
at follow-up when labels were present, 29% (31% among just those who 
noticed it) said labels influenced their meal choice (p<0.001). Non-
white participants were more likely to report that labels influenced their 
food choices (p=0.023); sex and weight aspirations and perceptions did 
not impact usage. Calories ordered decreased from 825 ± 336 at baseline 
(N=149) to 734 ± 331 (N=156) at follow-up (p=0.013). Calories ordered 
was not related to sex, BMI, race, general health, or weight aspirations 
and perceptions. Mean estimated calorie consumption decreased from 
769 ± 342 at baseline (N=149) to 671 ± 327 (N=156) at follow-up 
(p=0.006). Women consumed fewer calories than men (p=0.014), but 
BMI, race, general health, and weight aspirations and perceptions did 
not impact intake. 
Calories ordered decreased 
by 11% (91 kcal) and 
calories consumed 
decreased by 13% (98 kcal) 
with the intervention. The 
effect of calorie labeling 
was similar across socio-
demographic groups. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Hoefkens, 
201125 
Intention of dietary 
change, meal-choice 
motives, energy intake 
from university canteen 
meals (average of the 3 
days from food 
records) 
Average calorie intake (based on the average over the three days) during 
the lunch canteen meal was 597 ± 114 at baseline, and 598 ± 98 at 
follow-up (p>0.05). Total number of calories consumed in 24 hours was 
2113 ± 566 at baseline, and 2046 ± 533 at follow-up (p>0.05). 
Participants consumed more grams of vegetables at follow-up (both at 
the canteen meal and over 24 hours, driven by the canteen meal), 
p<0.05. Except for carbohydrates, which significantly decreased from 
baseline to follow-up in the 24-hour period but not for the canteen 
lunch, there was no compensation for canteen lunch choice. Only 8% of 
participants chose the intervention's recommended meal choices for all 3 
days of the follow-up; those who did ate an average of 555 ± 88 kcal for 
lunch, versus 573 ± 115 kcal for those who chose 2/3 recommended 
meals, 610 ± 93 kcal for those who chose 1/3 recommended meals, and 
610 ± 92 for those who chose no recommended meals. Age, sex, BMI, 
energy expenditure, diet-health awareness, intention to make dietary 
changes, and price and taste as motives for meal choice did not differ by 
proportion choosing recommended meals. 
Information was more 
effective for students with 
higher motivation and 
nutrition knowledge, and 
greater openness to try 
unfamiliar foods, although 
it was overall relatively 
ineffective at producing 
behavior change from 
baseline to follow-up. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Hoerr, 
199330 
Proportion of low, 
moderate, and high 
nutrient-dense foods 
sold (based on Index of 
Nutritional Quality) 
Total vending sales increased from year 1 to 2 (7174 to 7742 items); 
however, the proportion of snacks sold in the low, moderate, and high 
nutrient-density groups did not significantly differ. 
Sales of snack items did 
not change based on the 
introduction of labels. 
James, 
201532 
Calories ordered and 
eaten and calories from 
fat, protein, and 
carbohydrates 
In kcal- and exercise-labels conditions, 91% of subjects noticed labels. 
After adjustment for premeal hunger levels and sex, the no-labels group 
ordered an average of 902 [840, 963] kcal, the kcal-labels group ordered 
827 [766, 888] kcal, and the exercise-labels group ordered 763 [703, 
824] (overall: P=0.008 and exercise-labels vs. no-labels groups: 
P=0.002). For consumption, the no-labels group ate an average of 770 
[717, 823] kcal, the kcal-labels group ate 722 [669, 776] kcal, and the 
exercise-labels group ate 673 [620, 725] kcal (overall: P=0.04, exercise-
labels vs. no-labels groups: P=0.01). Exercise and no-label groups 
differed for energy ordered (P=0.009) and consumed (P=0.03) from fat, 
but not for carbohydrates and protein; energy ordered from fat by the 
kcal-labels group did not differ from the other two groups. Post-lunch 
consumption did not significantly differ for any group. 
Exercise labels were 
effective at decreasing the 
number of calories ordered 
and eaten and the number 
of calories from fat ordered 
and eaten verses when 
labels were not present. 
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Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Jasti and 
Kovacs, 
201039 
Frequency of 
consuming fried food 
and baked goods such 
as doughnuts, pastries, 
cakes, and cookies 
(low: 0-4, high: 5+ 
times).  
24% of students reported always using food labels, 61% reported 
sometimes, and 14% reported never using labels. High frequency of 
fried food was reported by 12% of participants (18% for males and 7% 
for females, p=0.007), and high frequency of consuming baked goods 
by 13%. Food label non-users were 4 times more likely to report high 
consumption of fried food (OR=4.16, p=0.005) in a logistic regression 
accounting for trans fat label use and knowledge, dietary attitudes, and 
sex. No variables significantly impacted baked good intake. 
Nutrition label non-users 
were four times more likely 
to be high consumers of 
fried food; usage did not 
impact consumption of 
baked goods. 
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Table 3.2 (cont.) 
Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Larson-
Brown, 
197828 
Sales frequency of 
more nutritious (milk, 
sandwiches, fruit, 
Welchade, yogurt, V-8 
juice, ice cream) and 
less nutritious foods 
(soft drinks, sweet rolls 
and brownies, gum and 
lifesavers, Hostess 
products, M&Ms, 
Hershey chocolate, 
candy, and cookies) 
Overall vending sales increased in March over February. Purchase of 
more nutritious foods increased from 49.8% of the total sales in 
February to 53.7% of total sales in March, a significant difference. 
"More nutritious" foods were categorized by inclusion in the Four Food 
Groups and/or contributing more nutrients than calories as a percentage 
of recommended dietary allowances for women. As a percentage of total 
sales for "more nutritious foods", milk, sandwiches, fruits, Welchade, 
and yogurt increased while V-8 and ice cream decreased. For "less 
nutritious foods", sales of soft drinks increased while sweet rolls, 
brownies, gum, lifesavers, Hostess products, M&Ms, Hersheys, candy 
and cookies decreased; whether each individual difference was 
significant was not reported. 
Labels influenced vending 
purchases. The increase in 
soda sales was probably 
not due to increased 
outdoor temperatures as the 
average temperature in 
February was actually 
higher than March. 
Li et al., 
201241 
16 food groups, type of 
milk consumed, 
servings of fruits and 
vegetables, % energy 
from fat, and dietary 
fiber 
The average label usage score was 2.9 ± 1.3 (with 1=never and 
5=always). Reading food labels was positively related to consuming 
greater amounts of fiber (p=0.01) and fruits and vegetables (p=0.06), 
and was negatively related to consuming a greater percentage energy 
from fat (p<0.001) in a regression that controlled for age, gender, 
race/ethnicity, marital status, class year, and BMI. 
Label users had healthier 
eating habits including 
eating significantly more 
fiber and significantly less 
energy from fat. 
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Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Lillico, 
201526 
Calories consumed 
Intervention did not impact calorie consumption, with 660.5 ± 308.7 
kcal being consumed at baseline (N=131) and 600.5 ± 281.9 kcal 
(N=168) at follow-up (p=0.104). 
Calorie consumption did 
not differ across periods. 
Nikolaou, 
201424 
Calories, fat, saturated 
fat, vitamin C, iron, 
and calcium content of 
meal choices 
Females on average selected 709±101 kcal when calorie labels were not 
present (Period 1), 628±105 kcal with labels present (Period 2), and 
534±116 kcal when calories labels and suggested daily intake were 
present (Period 3); each was significantly different from the other 
periods (p<0.01). Males selected an average of 734±101 kcal during 
Period 1, 692±105 kcal during Period 2, and 622±116 kcal during 
Period 3; calories selected were significantly different for all three 
periods (p<0.01). From Period 1 to Period 3, mean calories per tray fell 
by 25% for females and 15% for males. Fat and saturated fat content of 
meals similarly decreased after the addition of calorie labels and 
suggested daily intake, but no differences were found in selection of 
vitamin C, iron, and calcium selection. Total calorie contents of 
ingredient orders placed by catering staff decreased by 18% from 
9,209,200 (Year 1) to 7,600,320 kcal (Year 2). Ingredients used mostly 
for preparing desserts fell by 60% and oils used for frying fell by 35%. 
Compared to no 
information, posting 
nutrition information 
impacted the number of 
calories, fat, and saturated 
fat chosen by both males 
and females. Labels with 
daily energy requirements 
resulted in an even more 
significant decrease in 
calories chosen by both 
males and females. Posting 
labels also significantly 
decreased expenditures and 
total calories ordered by 
catering staff. 
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Study First 
Author and 
year Dietary outcome Main Findings Conclusion 
Schwartz, 
201217 
Calories ordered (cash 
register restaurant 
receipts) 
More customers accepted the downsizing offer before calorie labeling 
was present (21%) than after (14%) (p<0.05). Diners ordered an average 
of 484, 536, and 1020 kcal for side dishes, entrees, and total at baseline, 
and 437, 508, and 944 kcal in the downsizing intervention (with side 
dishes and total differing at p<0.001). When labels were implemented, 
diners ordered 478, 555, and 1033 kcal at baseline, and 456, 560, and 
1016 kcal of side dishes, entrees, and total during the downsizing 
intervention, significant only for the side dish calories (p<0.05). 
Adding calorie labels did 
not decrease calories 
purchased. When asked to 
downsize in the presence of 
labels, marginally fewer 
diners accepted the offer 
(p<0.10); the interventions 
may not be additive. 
Temple, 
201033 
Calories consumed, 
proportion of energy-
dense foods consumed 
Both sex (P=0.003) and labeling condition (P=0.04), but not video 
condition, significantly impacted calories consumed; females in the 
labeling condition ate approximately 500 kcal, while those not provided 
with labels ate approximately 730 kcal. Males provided with labels ate 
approximately 620 kcal, while those not provided labels ate 
approximately 1000 kcal (these approximate numbers were extrapolated 
from a figure and were not written in-text). Baseline and final levels of 
hunger and satiety were similar across conditions. Both sex (P=0.008) 
and labeling condition (P=0.04) impacted proportion of the energy 
density of foods; males ate more high-energy-dense foods, and those not 
exposed to labels ate more of both high- and low-energy-dense foods 
(all p<0.05).  
Nutrition labeling 
promotes healthier choices. 
That the video condition 
had no impact suggests that 
consumers have enough 
knowledge of how to read 
nutrition labels for labels to 
influence their food 
selection and energy 
intake. 
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Author and 
year Dietary outcome Main Findings Conclusion 
Temple, 
201134: A 
Calories consumed, 
proportion of 
green/yellow/red foods 
consumed 
Gender and the interaction between gender, labeling condition, and 
weight group significantly impacted calories consumed. Lean females 
consumed approximately 850 kcal when no labels were present, and 
approximately 650 calories when standard or traffic labels were present 
(p<0.05). Overweight/obese females consumed approximately 700 kcal 
in the absence of labels, approximately 750 kcal in the presence of 
standard labels, and 700 in the presence of traffic light labels (p>0.05). 
Lean males consumed approximately 800 kcal when labels were absent, 
1050 kcal with the standard label present, and approximately 950 with 
the traffic label present (p>0.05). Overweight/obese males consumed 
approximately 1100 kcal in all three conditions (p>0.05). 
Standard and traffic light 
labels only impacted the 
number of calories eaten by 
lean females. Males 
consumed both more "red" 
and "green" foods than 
females regardless of 
labeling condition; all 
individuals consumed more 
"green" foods in the 
presence of traffic light 
labels. 
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Temple, 
201134: B 
Calories consumed, 
proportion of 
green/yellow/red foods 
consumed 
Participants exposed to traffic light labels were significantly more likely 
to purchase green items, but there was no difference in purchase of 
yellow or red items, and no main effects of weight status or labeling 
condition on energy intake. Non-obese participants not exposed to labels 
ate approximately 150 kcal from green foods, 100 kcal from yellow 
foods, and 210 kcal from red foods whereas those exposed to labels ate 
approximately 250 kcal from green foods, 120 kcal from yellow foods, 
and 110 kcal from red foods. Obese participants not exposed to labels 
consumed approximately 150 kcal from green foods, 50 kcal from 
yellow foods, and 375 kcal from red foods, whereas those exposed to 
labels consumed approximately 210 kcal from green foods, 40 kcal from 
yellow foods, and 275 kcal from red foods. The intake of green and red 
foods for non-obese participants and red foods for obese participants 
were significantly impacted (p<0.05) by labeling condition.  
Participants were more 
likely to buy green foods 
when traffic light labels 
were present. Taxation 
reduced purchases of red 
food products, particularly 
by obese participants. 
While labeling did not 
affect intake, taxation 
decreased energy intake. 
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EMPIRICAL STUDIES 
Chapter 4: The Impact of Nutrition Label Placement on Awareness and Use Among College 
Students in a Dining Hall Setting6 
 
ABSTRACT 
Background: Nutrition labels may be important predictors of dietary selections among college students; 
however, awareness and usage are not well understood in this population.  
Objective: Investigate the impact of label placement on label awareness and usage, including impacts 
over time. Identify predictors of awareness and usage, preferred label information and reasons for label 
non-use.  
Design: Cross-sectional surveys were administered in three 1-week waves over three months. 
Participants/setting: 2,729 students age 18 or older in four university dining halls. 
Intervention: Nutrition labels were placed on sneeze guards in two dining halls and directly in front of 
food in two comparator dining halls.  
Main Outcome Measures: Label awareness and usage were measured using 5-point Likert scales; 
reasons for label non-use and preferred types of information were assessed by response frequencies.  
Statistical Analysis Performed: Logistic regression was used to determine predictors of label awareness 
and usage; chi-squared analysis was used to test for differences in information preferences between label 
users and non-users.  
Results: Nutrition label awareness and usage did not vary by label placement or over time. Awareness 
was related to being obese, having higher perceived stress, taking nutrition classes, having good/excellent 
eating habits, eating breakfast, tracking food intake, and exercising 5 or more times/week. Usage was 
related to being female, overweight, having higher perceived stress, having good/excellent eating habits, 
eating breakfast, tracking food intake, and exercising 3 or more times per week. Information preferences 
differed by usage, but calories, fat, and protein were the most preferred pieces of information overall. Not 
caring, already having a good idea about nutrition information, and not having time were the top reasons 
for label non-use. 
Conclusions: Label awareness and usage did not change with label placement or over time. Making 
labels easy to read and including preferred information may encourage greater awareness and usage. 
                                                     
6 Reprinted, with permission, from Christoph MJ, Ellison BD, Nehrling Meador E. The Influence of Nutrition Label 
Placement on Awareness and Use among College Students in a Dining Hall Setting. J Acad Nutr Diet. 
doi:10.1016/j.jand.2016.05.003. M.J. Christoph performed the analysis and drafted the manuscript; B. Ellison 
oversaw the analysis and study design. E. Nehrling Meador and M.J. Christoph contributed to study design and data 
collection procedures. All authors contributed to and approved the final manuscript. 
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INTRODUCTION 
The transition from high school to college can be a challenging time for many young adults, 
characterized by developing routines, habits, and preferences – many of which persist throughout 
adulthood.1 Large cross-sectional and longitudinal surveys have shown the transition from adolescence to 
adulthood is associated with decreased fruit and vegetable consumption, increased fast food and soft drink 
consumption, and reduced levels of physical activity.1 Further, many young adults gain weight over the 
course of their college years,2 particularly in their first year.3  
Nutrition labeling at the point of purchase (or point of selection/service) is a common tool to 
promote healthier food choices on college campuses (and in the general population) and has been 
implemented in many dining halls, restaurants, and on-campus convenience stores. Christoph et al.4 
reviewed several studies that surveyed U.S. college students’ use of food labels; however, findings were 
highly variable, with reported label usage ranging from 35% to 88%, depending on the definition of label 
usage and type of nutrition label considered. For example, some studies focused exclusively on using the 
Nutrition Facts Panel while others examined general label use or calorie label use in restaurants. 
Beyond disagreement in defining “label usage”, previous studies have largely failed to consider 
how the presentation of nutrition information impacts label awareness and/or label usage. As with many 
educational efforts, how the information is presented can often be as important as which information is 
presented.5 In many dining hall settings, posted nutrition information is often located above the food 
(generally on or above the sneeze guards). However, when students make selections, their focus is 
generally on the food itself (thus, looking downward), which may result in limited awareness and/or 
usage of nutrition information when making food choices. Therefore, it may be possible to increase label 
awareness or usage by simply increasing the visibility of nutrition labels by moving them directly in front 
of, rather than above, food.  
Another important gap is whether – and if so, how – label awareness and/or label usage change 
over time. The majority of previous studies (in both college and general adult populations) examined label 
usage via a single cross-sectional sample. While this provides a snapshot of usage prevalence, it is unable 
to capture whether usage behavior persists over time. In a dining hall setting, students may initially focus 
on getting oriented with the dining facility environment, the food, and their fellow diners - leaving little 
time to notice nutrition labels. However, with daily exposure to the nutrition labels, awareness and usage 
may increase over the course of a semester as students become more comfortable with the dining hall and 
develop their own routines. Conversely, comfort and familiarity may also cause label awareness and 
usage to decrease over time. Dining halls often have a menu rotation, so it is possible that students can 
learn the information for the food items they select, negating the need to use the labels in subsequent 
dining trips. Additionally, students may become increasingly desensitized to nutrition labels over time, 
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being more concerned with choosing foods that taste good or are convenient. Unfortunately, the current 
literature cannot provide insight on the likelihood of any of these scenarios – a gap the present study aims 
to address.  
The overall purpose of this study was to provide a more comprehensive understanding of how 
college students interact with nutrition information (labels) in a dining hall setting. Our primary 
objectives were to determine: 1) whether nutrition label placement affected label awareness and usage and 
2) whether label awareness and usage changed over time. In addition to these contributions, we build on 
existing literature to further examine sociodemographic and behavioral predictors of label awareness and 
usage, preferred pieces of information on labels, and reasons for label non-usage.  
 
METHODS 
Participant Selection and Sampling Procedures 
We surveyed 3,603 students over a 3-month period at a major Midwestern university. All 
surveying took place in four university dining halls, which serve over 9,000 students with meal plans and 
are open to the general public. Each dining hall offers a broad array of food, including stations with 
several daily rotating entrees, hamburgers and grilled meats, international cuisine, pizza, pasta, vegetarian 
and vegan entrees and sides, a salad bar, dessert bar, and cereals. All items with the exception of the salad 
bar items had nutrition labels posted. Labels consisted of a 2 x 3.5” card that included the dish title, 
serving size, number of calories, and grams of fat, carbohydrates, and protein; in addition, locally-
sourced, vegetarian, and vegan items were denoted with special symbols. Figure 4.1 provides examples 
of the labels used. 
Data collection occurred Monday through Thursday of weeks four, eight, and twelve of the 16-
week long semester, resulting in three waves of data collection. Week four was chosen as the first week of 
data collection because the university cafeterias follow a 4-week menu cycle. By waiting until week 4, 
students had time to adjust to their dining environment, while still allowing the researchers to capture 
students’ awareness and usage of labels during their first exposure to a new week of rotating sides and 
entrees in the dining hall that semester. Additionally, this gave the researchers adequate time to train all 
data collectors and ensure that all dining halls were comfortable with the new labeling procedures. Two 
dining halls were surveyed at lunch (11:00am-1:30pm) and another two at dinner (5:00-7:00pm) each 
day. Fridays were excluded for two reasons. First, Ellison, Lusk, and Davis6 previously found that people 
eat differently on Fridays relative to other weekdays. Second, since many students travel home on 
weekends, not all of the dining halls were open on Friday evenings.  
Study investigators trained teams of undergraduate and graduate students on survey methods and 
protocol, which were then pilot-tested with 150 students in a 5th dining hall (not used in this study) the 
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week prior to data collection. Student assistants, in groups of one or two, approached diners immediately 
after they sat down and asked them to participate in a study for the university dining hall. The incentive to 
participate was a chance to win a $10 gift card to a nearby restaurant. Diners had to be 18 years or older 
to participate. Upon giving verbal assent, diners were given the survey to complete while they ate. 
Surveys were then either collected directly from diners or from the table at the conclusion of the meal. 
This study was approved by the Institutional Review Board at the University of Illinois at Urbana-
Champaign. 
 
 
 
Study Design  
Each of the three waves was cross-sectional; diners could repeat the survey across waves, but not 
within a wave (e.g., Diner A could participate on Monday in week 4 and Thursday in week 8, but not on 
Monday and Thursday in week 4); however, repeat participants were excluded from the current analysis. 
The four dining halls had two different formats: two had daily rotating options in hot and cold buffet lines 
(standard format) whereas the other two had themed multi-station formats (e.g. pizza, stir fry, 
hamburgers, pasta, international cuisine, etc.). All dining halls had a salad bar, fruit, cereal, waffle, 
beverage, and dessert area. Two dining halls had labels placed directly in front of food whereas labels 
were posted on or on top of sneeze guards in the two comparator dining halls (Figure 3.1). To control for 
dining hall format effects, we assigned one dining hall of each format type (standard and multi-station) to 
each of the label location conditions (in front of food and above food).  
 
Survey Instrument 
The 1-page survey (Appendix A), which was evaluated for content validity by two registered 
dietitians, included questions on sociodemographic and behavioral characteristics in addition to assessing 
awareness and usage of nutrition labels. Specific measures are described in the following sections.  
 
Nutrition Label Provision, Awareness, and Usage 
Diners were surveyed on how often the dining hall provided labels, if the diner noticed them that 
day, and if the diner used them that day. Frequency of label provision was assessed by the question: “How 
often does this dining hall provide calorie information on food items?”, using a 5-point scale where 1 
represented “never” and 5 represented “always”. Nutrition label awareness and usage were assessed using 
5-point Likert scales, where 1 represented “strongly disagree” and 5 represented “strongly agree”. For 
awareness, diners were asked: “Do you agree or disagree that: I noticed calorie information on food items 
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in the dining hall today”. Similarly, usage was assessed by asking: “Do you agree or disagree that: I used 
calorie information to make my food choices today.” While nutrition labels contained more than just 
calorie information, previous research has shown that calorie content is a key piece of information that 
consumers use;7,8 further, the dining halls posted other nutrition-related posters (e.g., promoting 
fruit/vegetable consumption). To ensure diners were answering about awareness and usage of the actual 
dining hall labels, the research team consulted with a nutrition education expert who recommended using 
the more specific term “calorie information” rather than the broader “nutrition information”. For analysis 
purposes, label awareness and usage were transformed into dichotomous variables. Individuals answering 
strongly agree or agree to the awareness (usage) question were coded as 1; all other responses were coded 
as 0. 
 
Sociodemographic and Anthropometric Characteristics 
Survey respondents provided their age, gender, and current classification at the university 
(freshman, sophomore, junior, senior, graduate student, or other). Respondents also reported their height 
and weight, from which body mass index (BMI) was calculated, and their weight goal (wanting to lose, 
gain, or maintain weight). A review by Christoph, An, and Ellison4 identified each of these variables as 
correlates of nutrition label use in college students and young adults.  
 
Behavioral Characteristics 
Several behavioral characteristics previously shown to be related to nutrition label awareness, 
usage, or food intake were assessed, including sleep,9 exercise,10 food habits,11-13 perceived stress level,14 
and nutrition education/knowledge.11,15-21 For sleep, diners were asked the numbers of hours slept the 
night before. Sleep hours were then classified into one of three categories: less than 7 hours, 7-9 hours, or 
more than 9 hours based on the CDC sleep recommendation for college-aged adults.22 Physical activity 
was assessed by asking how often the diner exercised in a typical week (0, 1-2, 3-4, or 5 or more times 
per week); this question format is consistent with the exercise measure used by Misra.16 For food habits, 
diners stated whether they ate breakfast on the day surveyed and whether they tracked their food intake. 
Additionally, diners rated the healthfulness of their eating habits using a 5-point scale where 1 represented 
“poor” and 5 represented “excellent”. Perceived stress was assessed with the question: “Do you agree or 
disagree that: I feel very stressed this week”. Responses ranged from “strongly disagree” to “strongly 
agree” on a 5-point Likert scale. Lastly, diners provided the number of nutrition courses they had taken 
during their college career (0, 1, 2, or 3 or more nutrition courses).  
 
Special Topics 
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In addition to the standard questions listed above, each wave included a subset of unique 
questions that were jointly determined by the researchers and dining hall staff. At week four, diners were 
asked which pieces of information they would prefer to see on nutrition labels. Response options included 
nutrition information (calories, fat, protein, carbohydrates, sodium, and sugar) as well as other pieces of 
information that might be of interest to diners (such as ingredients, allergens, locally-sourced, vegetarian, 
and vegan options). Diners selected their top three information preferences. After noting the relatively 
small proportion of reported label users in week 4, the preferred information question was replaced with a 
question regarding reasons for label non-usage in week 8. Diners selected the top two reasons they did not 
use the label (if they indicated such), with eight response options including reasons such as “I did not see 
the calorie information”, “I did not understand the calorie information”, and “I already have a good idea 
about the calorie information for the foods I eat”. In addition, the week 8 survey included a question 
regarding previous participation in the study as a control. On the week 12 survey, diners were again asked 
about previous participation in the earlier waves as well as their usage frequency of the dining services 
mobile application.  
 
Data Analysis 
Two students completed data entry; one of the study investigators checked every 10th survey for 
errors in data entry. Of the 3,603 surveys collected, approximately 10.7% (n = 385) were removed for 
incomplete responses and 13.6% (n = 489) were removed for having previously participated in the first or 
second data collection week of the survey, resulting in a final sample of 2,729 observations.  
Chi-squared tests were used to assess whether label awareness and usage varied by label 
placement or over time. Potential predictors of label awareness and label usage were examined using 
logistic regression, where 1 = participants who agreed or strongly agreed that they noticed (used) calorie 
information and 0 = all other participants. For each regression model, explanatory variables included label 
placement, gender, weight status, classification, sleep, perceived stress, nutrition education, eating habits, 
food tracking, and exercise frequency. Controls were also included for dining hall format (multi-station 
vs. standard buffet line), data collection week (4, 8, or 12), and day of week. Multicollinearity between 
explanatory variables was assessed. Highly correlated variables (BMI and weight goal, classification and 
age) were not included in the same model. Independent variables were also assessed for changes over 
time; only sleeping less than 7 hours the night before and eating breakfast differed significantly by week. 
Odds ratios were calculated to show the impact of each variable on the likelihood of reporting nutrition 
label awareness and usage. 
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Preferred pieces of information and reasons for label non-usage were assessed using frequency 
analyses. Chi-squared tests were used to assess differences in information preferences between label users 
and non-users.  
All analyses were performed in SAS v.9.4 (SAS Institute, Cary, NC). A significance level of 
P<0.05 was used for all statistical tests.  
 
RESULTS 
Participant Characteristics  
Table 4.1 provides the sample characteristics for this study. The majority of diners surveyed were 
freshmen (57%) and sophomores (25%), and male (58%). The graduate student/other category made up 
only a small proportion of diners (3.8%); diners who indicated “other” primarily wrote in that they were 
visiting or exchange students as opposed to faculty or staff. While many diners rated their eating habits as 
poor/fair (36%) or average (42%), 82% of respondents indicated they exercised at least once per week. 
The majority (70%) of diners were normal weight, while 6.7% were classified as underweight, 18% as 
overweight, and 5.2% as obese. In terms of perceived stress levels, diners averaged a score of 3.6 (1=low 
perceived stress, 5=high perceived stress), indicating medium to high levels of perceived stress in the 
week surveyed. While race/ethnicity information was not assessed due to space constraints and the 
sensitive nature of the question,23 statistics on the race/ethnicity of the student body were gathered. In fall 
2014, the undergraduate student body of over 32,000 students was 5.4% African-American, 15.8% Asian 
American, 8.7% Hispanic, 2.6% multi-racial, 50.2% white, 16.4% international, and less than 1% 
unknown, Native American, or Native Hawaiian.24 
 
The Impact of Label Location on Label Awareness and Usage over Time 
Overall, 45.8% of participants were aware of nutrition labels and 20.2% participants used labels 
on the day surveyed. The impact of label placement was assessed by comparing nutrition label awareness 
and usage rates in two dining halls where labels were located directly in front of food items with two 
comparator dining halls where labels were located on or on top of sneeze guards. Figures 4.2a and 4.2b 
depict label awareness and label usage over time for each group, respectively. Neither label awareness 
(P=0.2453) nor label usage (P=0.3369) differed significantly based on label placement. Further, 
awareness (P=0.4362) and usage (P=0.4000) did not change over the 3-month study period. Label 
awareness and label usage had a correlation coefficient of 0.31 (P<0.0001), showing significant overlap 
between being aware of and using labels; however, a disparity remained, with a larger proportion of 
diners being aware of the labels than using them. 
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Predictors of Label Awareness and Usage 
Table 4.2 shows the logistic regression results for label awareness and label usage (P-values are 
reported in the table; results reported in text were significant at P<0.05). The first column focuses on 
predictors of label awareness. Obese participants were 2.2 times more likely to report noticing the calorie 
information relative to normal weight individuals. Each one-unit increase in perceived stress level 
increased the odds that a diner would be aware of calorie information by 1.1 times; additionally, those 
who had previously taken nutrition classes were 1.4 times more likely to report seeing the calorie 
information. Diners with good or excellent eating habits were 1.5 times more likely to notice calorie 
information relative to diners who rated their eating habits as average. Individuals who ate breakfast that 
morning were 1.2 times more likely to notice labels relative to those who did not eat breakfast (primarily 
driven by breakfast eaters in week 4), and those currently tracking their food intake were 2.9 times more 
likely to be aware of calorie information. Finally, participants who reported exercising 5 or more times 
per week were 1.9 times more likely to report being aware of the calorie information than participants 
who did not exercise. 
Several of the same predictors of awareness were also related to usage (Table 4.2). Female 
participants were 1.3 times more likely to report using calorie information. Diners who were overweight 
were 1.3 times more likely to report using calorie information compared to normal-weight diners. Each 
one-unit increase in perceived stress level increased the odds that a diner would use calorie information 
by 1.2 times. Diners with poor or fair eating habits were 0.66 times as likely (or 34% less likely) to use 
calorie information relative to diners with average eating habits; conversely, diners with good or excellent 
eating habits were 1.8 times more likely to use calorie information. Individuals who ate breakfast on the 
day surveyed were 1.3 times more likely to utilize calorie information (primarily driven by those who ate 
breakfast in week 8). Food tracking was the strongest predictor of usage; diners who tracked their food 
intake were 6.6 times more likely to use calorie information. Exercise levels showed a dose-response, 
with the odds of using calorie information increasing with each increase in exercise level. Individuals who 
reported exercising 1-2 days/week were 1.3 times more likely to report using labels (not significant), 
those who exercised 3-4 days/week were 2.5 times more likely, and those who exercised 5 or more 
days/week were 2.8 times more likely to report using labels relative to individuals who did not exercise. 
Although taking nutrition courses significantly impacted awareness, it had no impact on usage.  
One notable finding was that label placement was not a significant predictor of either label 
awareness or label usage, confirming the results in Figures 4.2a and 4.2b. Classification, being 
underweight, and sleep were also unrelated to label awareness and label usage. 
Preferred Label Information  
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 During the first wave of data collection (week 4), participants selected the top three pieces of 
information they would like provided on dining hall labels. Calories, fat, and protein were the most 
preferred pieces of information (selected by 69%, 46%, and 38% of all participants, respectively). Figure 
4,3 provides preferences for information by label usage status. Label users were more likely to want 
calorie (P=0.0011), fat (P=0.0006), carbohydrate (P=0.0015), and sugar (P=0.0419) contents listed on 
labels relative to non-users. Conversely, non-users were more likely to want information on ingredients 
(P<0.0001), allergens (P<0.0001), vegan/vegetarian options (P=0.0004), and local options (P=0.0009) 
listed on labels relative to users.  
 
Reasons for Label Non-usage  
Based on preliminary results in week 4, the week 8 survey included a question about why 
participants chose not to use calorie information in the dining halls (for those diners who indicated such). 
Figure 4.4 shows that of those diners who reported not using calorie information, the majority (60.8%) 
said they did not care about calorie information. Other common reasons for not using labels were “already 
have a good idea about the nutritional content of food” (32.0%), “do not have time to read the 
information” (25.1%), and “did not see the information” (19.6%). Diners were less likely to indicate that 
the information was hard to see, they did not know how to use the information, or they did not understand 
the information.  
 
DISCUSSION 
This study investigated how college students interact with nutrition labels in a dining hall setting. 
Although 77% of diners reported that the dining hall provided calorie information “always” or “often” 
(indicating a general awareness that labels existed), only 45.8% reported noticing the information on the 
day surveyed, and a mere 20.2% reported using the information. There were no differences in label 
awareness or label usage rates based on label placement, nor did awareness and usage rates change over 
time. Ideally, awareness and usage rates would increase over time (or rates would be higher overall), yet it 
is encouraging that rates did not decrease across the 3-month study period. Since the dining halls use a 
rotating menu, awareness and usage could have theoretically dropped due to students’ learning the 
nutritional information from previous dining trips, yet we do not observe decreases in the rates of 
awareness and usage over the course of the semester. One explanation for this may be the sheer number 
of items offered in the dining halls. With 15-40 unique items offered daily (depending on the dining hall), 
it may be challenging for students to remember the nutritional content for such a variety of items, so the 
labels may be noticed/used throughout the semester.  
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Compared to a review of studies examining label usage prevalence,4 our usage rate of 20.2% is 
somewhat low. However, label usage was surveyed for a specific meal, whereas previous research has 
focused on the use of labels generally. Survey design literature25 recommends asking about a specific – 
rather than general – behavior or event to yield high quality responses, so label usage may have been 
overstated in previous studies.   
Diners who were obese, had higher perceived stress levels, had previously taken nutrition classes, 
reported good or excellent eating habits, ate breakfast that day, tracked their food intake, and exercised 
five or more times per week reported greater awareness of nutrition labels. While many of these factors 
also correlated with usage, having previously taken nutrition classes was unique to awareness, meaning 
students with some nutrition background were more aware of labels but did not necessarily use them more 
often than those who had not taken nutrition classes. Although label awareness has rarely been assessed in 
college students, Chen et al.26 similarly found that obese adults were more likely to notice labels.  
In terms of label usage, the present study found that females were more likely to use labels than 
males – a result consistent with other studies in this population.4,8,11,16-18,21,27 Interestingly, this difference 
was not apparent for label awareness. This is not the first study to encounter such a result; Hammond et 
al.28 and Chen et al.26 also found no significant differences in label awareness by sex in college students 
and adults, respectively. 
In addition to females, diners who were overweight, had higher perceived stress levels, reported 
good or excellent eating habits, ate breakfast, tracked food intake, and exercised three or more times per 
week were more likely to use nutrition labels. Past research has reported that healthy dietary habits 
correlate with label usage.11 However, the link between BMI and label usage in college students is less 
clear.11,12,27,29  While additional predictors have been examined in the literature, this is one of the first 
studies to consider the impact of  perceived stress level, sleep, and exercise on label awareness and usage 
in this population. Higher perceived stress levels were positively associated with being aware of and using 
labels; in future studies, it will be important to consider causes of stress to have a greater understanding of 
this link. Although sleep was not related to awareness or usage, overall sleep patterns (rather than just 
sleep the night before) may be related to label awareness, usage and/or dietary quality, and should be 
investigated further. For exercise, we found that students who exercised were more likely to notice and 
use labels relative to students who did not. This implies educational programs and interventions may 
benefit from highlighting suites of health-promoting behaviors (exercising, using labels, tracking intake) 
rather than just one behavior in isolation as many of these behaviors are linked.  
Nutrition label users and non-users differed in their preferences for information; this suggests that 
including more information on labels may improve usage in certain subgroups. Calories, fat, and protein 
were overall the most desired pieces of information, yet non-users were significantly more likely than 
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users to want ingredients, allergens, vegan, vegetarian, and local options listed on labels. Consistent with 
our results, other studies7,17,29 have identified calorie and fat information as two of the most preferred 
pieces of nutrition information among college students. Martinez et al. 29 and Driskell et al.17 also found 
students had a strong interest in ingredient information.   
While listing too much information on labels could decrease usage due to an ‘information 
overload’ effect,30 our results suggest that current non-users may not be using labels because they are not 
interested in the current label content. Dining services provided the information non-users preferred 
through point of selection labels and the dining website/mobile application, but students may have been 
unaware of these information resources. Increasing educational efforts to promote information available 
at the point of selection and/or online may encourage greater label usage. Dining facilities may also 
consider including ingredient and allergen information on labels; however, more research is needed to 
ensure a broadened labeling system does not adversely impact label usage.  
Across the entire study period, 79.8% of students reported that they did not use nutrition labels to 
make their meal selections. Perhaps most troubling is the overwhelming proportion of “do not care” 
responses—60.8% of non-users selected this as a reason for not using labels. Rasberry et al.19 also found 
“do not care” was a common reason for label non-usage in college students. From a health promotion 
standpoint, one has to ask: Should practitioners care about the choices of students who claim not to care? 
In our sample, 79.1% of students who “do not care” exercised at least once per week (indicating some 
level of concern for their health and well-being), but only 12.2% had taken a college-level nutrition 
course. This group may therefore lack the nutrition education and/or knowledge necessary to motivate 
awareness (as the present study shows) and use of labels,16,19,31,32 yet the practice of a health-promoting 
behavior like exercise signals that this group may be receptive to dietary interventions. 
An encouraging finding is that several of the barriers to label usage were related to label design 
(did not see, hard to see, not enough time); a lack of knowledge on how to use or understand the labels 
was only reported by a small portion of respondents. To increase label usage, particularly for those 
reporting time constraints or that labels were difficult to read, it will be paramount for dining facilities to 
post large, easy to read labels. Large labels will increase visibility and may reduce the time cost of 
searching for the information, which could benefit time-constrained students. Implementing a system 
wherein students could easily compare foods or recognize ‘better for you’ options may also improve 
usage. Two systematic reviews33,34 concluded that labels providing interpretive or contextual information 
were more effective than labels only including calorie information. Highlighting ‘better for you’ options 
may particularly benefit students who do not care about calorie labeling. This type of approach would 
offer a more intuitive form of nutritional guidance that does not require high levels of nutrition 
education/knowledge.  
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Strengths and Limitations 
Our study addressed how nutrition label placement affected label awareness and usage and how 
label awareness and usage changed over time; the latter has been identified as a particularly understudied 
question.35 We also built upon previous literature by providing a more comprehensive view in a large, 
population-based sample of the predictors of label awareness and usage (including insights on new 
predictors such as sleep, stress, eating breakfast, and exercise), information preferences for label users and 
non-users, and reasons for not using labels. This study also had the advantage of sampling onsite in the 
dining halls and asking about label awareness and usage for a specific dining occasion, whereas previous 
research has often utilized online sampling and asked about general label use.  
This study was limited in that while the majority of items had posted nutrition labels, salad bar 
items were not labeled. Since salad bars contained numerous items in a small amount of space, the 
investigators decided posting labels for all items would likely look cluttered and could lead to confusion 
among diners about the correct food-label pairing. This could have lowered the likelihood of label 
awareness and usage for students who only selected salad bar items. Additionally, we were unable to 
assess usage over time within participants since our study used three cross-sectional waves. This would 
have been particularly valuable for addressing the question of whether or not label users learn or become 
desensitized to nutrition label information with increased exposure, an issue which warrants further 
investigation. A final limitation is that surveys inherently rely on self-reported data – a common 
limitation in the current literature. We cannot verify whether participants actually noticed and/or used the 
nutrition labels, nor can we be certain of the veracity of the reported height, weight, stress, sleep, eating, 
and exercise measures.  
 
Conclusions 
Awareness and usage of nutrition labels did not change with label placement or over the 3-month 
time period assessed. Diners who were obese, reported higher stress, had previously taken nutrition 
courses, reported good eating habits, ate breakfast that morning, tracked food intake, and exercised five or 
more times/week were more likely to be aware of nutrition labels. Diners who were female, overweight, 
reported higher stress, reported good eating habits, ate breakfast that morning, tracked food intake, and 
exercised at least three times/week were more likely to use nutrition labels. Nutrition label users were 
significantly more likely than non-users to select calories, fat, carbohydrates, and sugar as preferred 
pieces of information, whereas non-users were more likely to select ingredients, allergens, 
vegan/vegetarian, and locally-sourced options to be provided on labels. Not caring, already having a good 
idea of nutritional content, and lack of time were the top reasons for not using labels. To improve both 
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awareness and usage of labels, university dining settings should make labels large and easy to read; 
further, educational efforts may be needed to demonstrate the value of using labels and healthy eating to 
college consumers. Identifying ways to improve label awareness and use in the large proportion of 
students who do not care about calorie information will be especially critical. Future research should 
continue to explore the link between label usage and food choice. Additionally, more research is needed 
to examine how label placement may impact actual food choice and whether food choices in this 
population change over time.  
 
 
  
106 
 
REFERENCES 
1. Nelson MC, Story M, Larson NI, Neumark-Sztainer D, Lytle LA. Emerging Adulthood and College-
aged Youth: An Overlooked Age for Weight-related Behavior Change. Obesity. 2008;16:2205-2211. 
2. Vella-Zarb RA, Elgar FJ. The 'freshman 5': a meta-analysis of weight gain in the freshman year of 
college. J Am Coll Health. 2009;58:161-166. 
3. Racette SB, Deusinger SS, Strube MJ, Highstein GR, Deusinger RH. Changes in weight and health 
behaviors from freshman through senior year of college. J Nutr Educ Behav. 2008;40:39-42. 
4. Christoph MJ, An R, Ellison B. Correlates of nutrition label use among college students and young 
adults: a review. Public Health Nutr. 2015;FirstView:1-14. 
5. Thaler RH, Sunstein CR. Nudge: improving decisions about health, wealth, and happiness. New 
Haven, Conn.: Yale University Press; 2008. 
6. Ellison B, Lusk, Jayson, Davis, David. Looking at the label and beyond: the effects of calorie labels, 
health consciousness, and demographics on caloric intake in restaurants. Int J Behav Nutr Phys Act. 
2013;10. 
7. Kolodinsky J, Green J, Michahelles M, Harvey-Berino JR. The Use of Nutritional Labels by College 
Students in a Food-Court Setting. J Am Coll Health. 2008;57:297-302. 
8. Smith SC, Taylor JG, Stephen AM. Use of food labels and beliefs about diet - disease relationships 
among university students. Public Health Nutr. 2000;3:175-182. 
9. Kant AK, Graubard BI. Association of self-reported sleep duration with eating behaviors of American 
adults: NHANES 2005–2010. Am J Clin Nutr. 2014;100:938-947. 
10. Westerterp KR. Physical activity, food intake, and body weight regulation: insights from doubly 
labeled water studies. Nutr Rev. 2010;68:148-154. 
11. Graham DJ, Laska MN. Nutrition label use partially mediates the relationship between attitude toward 
healthy eating and overall dietary quality among college students. J Acad Nutr Diet. 2012;112:414-418. 
12. Krukowski RA, Harvey-Berino J, Kolodinsky J, Narsana RT, Desisto TP. Consumers may not use or 
understand calorie labeling in restaurants. J Am Diet Assoc. 2006;106:917-920. 
13. Akers JD, Cornett RA, Savla JS, Davy KP, Davy BM. Daily Self-Monitoring of Body Weight, Step 
Count, Fruit/Vegetable Intake and Water Consumption: A Feasible and Effective Long-Term Weight 
Loss Maintenance Approach. J Acad Nutr Diet. 2012;112:685-692.e682. 
14. Raspopow K, Abizaid A, Matheson K, Anisman H. Anticipation of a psychosocial stressor 
differentially influences ghrelin, cortisol and food intake among emotional and non-emotional eaters. 
Appetite. 2014;74:35-43. 
15. Cha E, Kim KH, Lerner HM, et al. Health Literacy, Self-efficacy, Food Label Use, and Diet in Young 
Adults. Am J Health Behav. 2014;38:331-339. 
107 
 
16. Misra R. Knowledge, Attitudes, and Label Use among College Students. J Am Diet Assoc. 
2007;107:2130-2134. 
17. Driskell JA, Schake MC, Detter HA. Using Nutrition Labeling as a Potential Tool for Changing 
Eating Habits of University Dining Hall Patrons. J Am Diet Assoc. 2008;108:2071-2076. 
18. Marietta AB, Welshimer KJ, Anderson SL. Knowledge, attitudes, and behaviors of college students 
regarding the 1990 Nutrition Labeling Education Act food labels. J Am Diet Assoc. 1999;99:445-449. 
19. Rasberry C, Chaney B, Housman J, Misra R, Miller P. Determinants of Nutrition Label Use among 
College Students. J Health Educ. 2007;38:76-82. 
20. Wie S, Giebler K. College Students’ Perceptions and Behaviors Toward Calorie Counts on Menu. J 
Foodservice Bus Res. 2014;17:56-65. 
21. Jasti S, Kovacs S. Use of trans fat information on food labels and its determinants in a multiethnic 
college student population. J Nutr Educ Behav. 2010;42:307-314. 
22. US Centers for Disease Control and Prevention. College Health and Safety. 2015. 
http://www.cdc.gov/family/college/. Accessed March 14, 2016. 
23. Hasnain-Wynia R, Baker DW. Obtaining Data on Patient Race, Ethnicity, and Primary Language in 
Health Care Organizations: Current Challenges and Proposed Solutions. Health Serv Res. 2006;41:1501-
1518. 
24. University of Illinois Urbana-Champaign Division of Management Information. UIUC Student 
Enrollment: On-Campus Fall 2014 Statistical Abstract of Ten-Day Enrollment 2014. 2014. 
http://www.dmi.illinois.edu/stuenr/abstracts/FA14_ten.htm. Accessed March 14, 2016. 
25. Taylor-Powell E. Questionnaire design: Asking questions with a purpose.1998. http://grow.co.nz/wp-
content/uploads/2014/11/Questionaire-Design-Asking-Questions.pdf. Accessed October 26, 2015. 
26. Chen R, Smyser M, Chan N, Ta M, Saelens BE, Krieger J. Changes in Awareness and Use of Calorie 
Information After Mandatory Menu Labeling in Restaurants in King County, Washington. Am J Public 
Health. 2015;105:546-553. 
27. Li KK, Concepcion RY, Lee H, et al. An examination of sex differences in relation to the eating 
habits and nutrient intakes of university students. J Nutr Educ Behav. 2012;44:246-250. 
28. Hammond D, Lillico HG, Vanderlee L, White CM, Reid JL. The impact of nutrition labeling on 
menus: A naturalistic cohort study. Am J Health Behav. 2015;39:540-548. 
29. Martinez OD, Roberto CA, Kim JH, Schwartz MB, Brownell KD. A Survey of undergraduate student 
perceptions and use of nutrition information labels in a university dining hall. Health Educ J. 
2013;72:319-325. 
30. Scammon DL. "Information Load" and Consumers. J Consum Res. 1977;4:148-155. 
108 
 
31. Conklin MT, Cranage DA, Lambert C. College Students' Use of Point of Selection Nutrition 
Information. Top Clin Nutr. 2005;20:97–108. 
32. Cooke R, Papadaki A. Nutrition label use mediates the positive relationship between nutrition 
knowledge and attitudes towards healthy eating with dietary quality among university students in the UK. 
Appetite. 2014;83:297-303. 
33. Sinclair SE, Cooper M, Mansfield ED. The Influence of Menu Labeling on Calories Selected or 
Consumed: A Systematic Review and Meta-Analysis. J Acad Nutr Diet. 2014;114:1375-1388.e1315. 
34. Cecchini M, Warin L. Impact of food labelling systems on food choices and eating behaviours: a 
systematic review and meta-analysis of randomized studies. Obesity Rev. 2016;17:201-210. 
35. Block JP, Roberto CA. Potential benefits of calorie labeling in restaurants. JAMA. 2014;312:887-888.  
109 
 
FIGURES AND TABLES 
 
 
Figure 4.1. Example labels are shown. Labels included an item description and serving size, number of 
calories, grams of fat, protein and carbohydrates; symbols for vegan (see V in green heart on the right-
most label) and vegetarian (see green V with a leaf in both labels on the right) were given. Symbols for 
locally sourced items were also used (not shown in the examples above). The left depicts a label placed 
directly in front of food whereas the right picture shows two labels placed on sneeze guards. 
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Figure 4.2. Panel a: Label awareness is shown by label location and over time for the 2,729 students 
surveyed over 3 weeks in four university dining halls. Diners responding “agree” and “strongly agree” on 
a 5-point Likert scale to the question “Do you agree or disagree that: I noticed calorie information on food 
items in the dining hall today” were classified as being aware. Label awareness was not significantly 
different across label locations nor did awareness change over time. Panel b. Label usage is shown by 
label location and over time. Label usage was defined as responding “agree” or “strongly agree” to the 
question “Do you agree or disagree that: I used calorie information to make my food choices today.” 
Label usage was not significantly different across label locations nor did usage change over time. 
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Figure 4.3. Preferred label information by label usage status for diners surveyed in four university dining halls during week 4 of the Fall 2014 
semester (n = 1100). Diners could pick up to three pieces of information. Significant differences are indicated as follows: *P<0.05, **P<0.01, 
***P<0.001. 
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Figure 4.4. Reasons for non-usage of calorie labels given by participants (n = 826) surveyed in four 
university dining halls during week 8 of the Fall 2014 semester. Diners who indicated they did not use 
labels could choose up to two reasons for non-usage. 
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Table 4.1. Characteristics of 2729 diners surveyed in four university dining halls during weeks 4, 8 and 
12 of the Fall 2014 semester.  
Variable 
Total Sample 
(N =2729) 
Gender (%)  
     Male 58.1 (n = 1585) 
     Female 41.9 (n = 1144) 
Classification (%)  
     Freshman 56.5 (n = 1541) 
     Sophomore                24.8 (n = 676) 
     Junior                  9.2 (n = 252) 
     Senior 5.7 (n = 156) 
     Graduate Student / Other 3.8 (n = 104) 
Age in Years (mean ± SD) 19.0 ± 1.3 (n = 2729) 
Weight Status (%)a  
     Underweight  (BMI < 18.50) 6.7 (n = 184) 
     Normal Weight  (18.50 ≤ BMI ≤ 24.99) 70.1 (n = 1912) 
     Overweight  (25 ≤ BMI ≤ 29.99)                18.0 (n = 490) 
     Obese  (BMI ≥ 30) 5.2 (n = 143) 
Sleep (%)  
     Slept <7 hours last night  43.6 (n = 1190) 
     Slept 7-9 hours last night  53.2 (n = 1453) 
     Slept >9 hours last night                    3.2 (n = 86) 
Perceived Stress (mean ± SD)b 3.6 ± 1.1 (n = 2729) 
Ate breakfast that morning (%) 41.5 (n = 1132) 
Perceived healthfulness of eating habits (%)  
     Poor/Fair                 36.2 (n = 987) 
     Average   41.6 (n = 1136) 
     Good/Excellent                  22.2 (n = 606) 
Currently tracking food intake (%) 7.2 (n = 196) 
Previously taken a college-level nutrition course (%) 14.4 (n = 393) 
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Table 4.1 (cont.)  
Variable 
Total Sample 
(N =2729) 
Exercise Frequency (%)  
     0 times per week 17.7 (n = 484) 
     1-2 times per week   38.4 (n = 1049) 
     3-4 times per week 28.2 (n = 770) 
     5 or more times per week 15.6 (n = 426) 
Awareness of Labels (%)c  
     Strongly agree or Agree   45.8 (n = 1249) 
     Neither agree nor disagree 15.3 (n = 418) 
     Strongly disagree or Disagree   38.9 (n = 1062) 
Usage of Labels (%)c  
     Strongly agree or Agree 20.2 (n = 551) 
     Neither agree nor disagree 12.5 (n = 342) 
     Strongly disagree or Disagree   67.3 (n = 1836) 
a Self-report height and weight data were used to calculate BMI. 
b Perceived stress was measured using a 5-point scale, where 1=Low Stress and 5=High Stress. 
c For analysis, awareness and usage were each dichotomized where 1=Strongly agree or Agree; 0=All 
other responses. 
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Table 4.2. Odds ratios for label awareness and label usage in four university dining halls (N = 2729). 
Variable 
Label Awareness Odds 
Ratio [95% CI] 
Label Usage Odds Ratio 
[95% CI] 
Label Location: On/Above Sneeze 
Guardsa 
1.16 
[0.99, 1.37] 
1.00 
[0.81, 1.25] 
Gender: Femaleb 0.86 
[0.72, 1.02] 
1.34** 
[1.07, 1.68] 
Weight Status: Underweightc 0.77 
[0.60, 1.07] 
0.88 
[0.56, 1.36] 
Weight Status: Overweightc 1.21 
[0.98, 1.49] 
1.34* 
[1.03, 1.74] 
Weight Status: Obesec 2.16*** 
[1.51, 3.10] 
1.51 
[0.95, 2.38] 
Classification: Freshmand 1.02 
[0.67, 1.55] 
0.91 
[0.54, 1.52] 
Classification: Sophomored 0.96 
[0.62, 1.48] 
1.00 
[0.58, 1.70] 
Classification: Juniord 1.01 
[0.63, 1.63] 
0.84 
[0.46, 1.25] 
Classification: Seniord 0.78 
[0.46, 1.31] 
0.77 
[0.42, 1.54] 
Slept <7 hours last nighte 0.92 
[0.78, 1.08] 
0.97 
[0.78, 1.20] 
Slept >9 hours last nighte 1.07 
[0.69, 1.68] 
1.36 
[0.78, 2.37] 
Perceived stress levelf  1.10** 
[1.03, 1.19] 
1.19*** 
[1.08, 1.30] 
Previous college-level nutrition coursesg  1.43** 
[1.14, 1.80] 
1.27 
[0.96, 1.68] 
Eating Habits: Fair/Poorh 0.94 
[0.78, 1.12] 
0.66** 
[0.52, 0.85] 
Eating Habits: Good/Excellenth 1.45*** 
[1.17, 1.79] 
1.75*** 
[1.36, 2.24] 
116 
 
Table 4.2 (cont.)   
Variable 
Label Awareness Odds 
Ratio [95% CI] 
Label Usage Odds Ratio 
[95% CI] 
Ate breakfast that morningi 1.21* 
[1.02, 1.42] 
1.34** 
[1.09, 1.65] 
Currently tracking food intakej 2.89*** 
[2.06, 4.04] 
6.55*** 
[4.71, 9.11] 
Exercise Frequency: 1-2 times/weekk 1.04 
[0.83, 1.31] 
1.33 
[0.94, 1.89] 
Exercise Frequency: 3-4 times/weekk 1.24 
[0.97, 1.59] 
2.51*** 
[1.76, 3.58] 
Exercise Frequency: 5 or more 
times/weekk 
1.89*** 
[1.41, 2.52] 
2.78*** 
[1.88, 4.12] 
Note: Significance denoted as follows: *P < 0.05, **P < 0.01, ***P < 0.001. Also controlled for in the 
models were day of the week, week in the semester, and dining hall format (multi-station vs. buffet 
line), none of which were significant. Label awareness and usage were transformed into dichotomous 
variables. Individuals answering strongly agree or agree to the awareness (usage) question were coded 
as 1; all other responses were coded as 0. 
a Relative to labels placed directly in front of food. 
b Relative to males. 
c Relative to individuals of normal weight status. 
d Relative to individuals classified as graduate students/other. 
e Relative to those sleeping 7-9 hours the night before. 
f  Perceived stress was measured using a 5-point scale, where 1=Low Stress and 5=High Stress. 
g Relative to individuals who had not previously taken a college-level nutrition course. 
h Relative to individuals who rated their eating habits as average. 
i Relative to individuals who did not eat breakfast that morning. 
j Relative to individuals who were not currently tracking food intake. 
k Relative to individuals who reported exercising zero times/week. 
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Chapter 5: Developing a Digital Photography-based Method for Dietary Analysis in Self-serve 
Dining Settings7 
 
 
ABSTRACT 
Objective: Current population-based methods for assessing dietary intake, including food frequency 
questionnaires, food diaries, and 24-hour dietary recall, are limited in their ability to objectively measure 
food intake. Digital photography has been identified as a promising alternative, but has rarely been 
assessed in self-serve settings. Our objective was to utilize digital photography to measure the food intake 
of university students in a self-serve dining hall setting. 
Design: The coding system was designed to provide insight on food selection, servings, and consumption 
of food categories included in the Dietary Guidelines for Americans. Research assistants took before and 
after photos of students’ plates to assess dietary selections and consumption. Four coders rated the same 
set of approximately 180 meals for inter-rater reliability analyses; approximately 50 additional meals 
were coded twice by each coder to assess intra-rater agreement. 
Setting: Two university dining halls 
Subjects: University students 
Results: Inter-rater agreement between three coders and the lead coder was high at 93.5%; intra-rater 
agreement was similarly high with an average of 95.6% agreement. The highest rates for agreement were 
for the selection and servings of food categories whereas estimating consumption, particularly for items 
such as beans and cheese that often were part of mixed dishes, was more challenging.  
Conclusions: Overall, digital photography is feasible for large studies in real-world environments and 
can provide an objective measure of dietary intake in self-serve dining settings with a high degree of 
agreement between coders. 
  
                                                     
7 This article is currently under review. M.J. Christoph performed the analysis and drafted the manuscript; B. Ellison 
oversaw and contributed to the analysis and oversaw study design. B. Loman developed the standards and worked 
with M.J. Christoph and B. Ellison to develop the coding procedures. All authors contributed to and approved the 
final manuscript. 
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Introduction 
Transitioning from living at home (with family) to living independently is a particularly crucial 
time for shaping dietary behaviors in young adults, and is related to weight gain1 and decreased dietary 
quality2,3. Poor dietary quality during this time has been associated with an increased risk of 
cardiovascular4 and metabolic disease5 later in life. 
Current knowledge of dietary patterns in this population are based largely on self-reported 
measures including food frequency questionnaires, food diaries, and 24-hour dietary recall. These 
methods are best suited for assessing overall dietary patterns rather than for estimating caloric intake6 as 
they have been associated with non-random bias7 and underreporting8. To evaluate and improve the 
nutritional status of young adults, more objective measures of food and energy intake are needed, 
particularly those that could be easily implemented in a field setting as opposed to laboratories. 
Although several methods for objectively assessing energy intake exist such as wrist-tracking9, 
chewing and swallowing monitors10, and doubly labeled water8, these methods require special equipment 
and are cumbersome, expensive, and time-consuming for both researchers and participants. Conversely, 
digital photography is a promising alternative that has been identified as accurate, cost-effective and easy 
to use. Previous studies have validated digital photography against laboratory methods; Martin, et al.11 
compared self-reported energy intake between 52 adults who were either provided both lunch and dinner 
in a laboratory setting, or lunch in the laboratory but dinner in free-living conditions. Comparing in-
laboratory weights with estimates made by trained dietitians using pre- and post-consumption pictures 
yielded precise results with error rates ranging from -4.7 to 6.6%. Furthermore, digital photography was 
also demonstrated to be comparable to doubly-labeled water at estimating energy intake12,13.  
In cafeteria settings, digital photography has been compared to actual food weights and to direct 
visual (“live”) estimation. Several studies have established strong correlations (0.90 or greater) between 
food weights and digital photography estimates of food selection14-16 and food intake16. Similarly, other 
studies have concluded that digital photography is reliable17,18 and less variable16 when compared to direct 
visual estimation. While the digital photography method has been deemed an effective and reliable means 
for assessing dietary intake overall, items like beverages, condiments, and mixed dishes remain subject to 
slightly more variation18,19.  
However, digital photography has rarely been used to measure dietary selections and intake in an 
all-you-can-eat, self-serve dining setting. This dining style is common among colleges and universities in 
the United States, but it presents unique challenges for assessing dietary intake due to the large variety of 
food selections and the lack of standardized portions. Williamson and colleagues16,18 examined plates that 
were assembled in a university dining setting, but in both studies students were not allowed to prepare the 
meals themselves. Additionally, no studies to our knowledge have employed mobile tablets to take the 
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meal photos. Stationary cameras are most common13-16,18,19, but this is likely less convenient for diners 
and may create delays in the data collection process. Thus, it is important to determine whether the use of 
mobile devices is also reliable for assessing dietary intake.  
The objective of this study was to develop a digital photography coding system for wide-scale use 
in self-serve dining settings. We compared pre- and post-meal photos to photos of standardized portions 
of commonly selected foods to objectively assess dietary intake in a university dining hall setting.  
 
Materials and Methods 
Digital Photo Data Collection 
Photo data were collected during lunch and dinner, Monday-Thursday, during weeks 4, 8, and 12 
of the 16-week semester of Fall 2014. Four dining halls were used on the University of Illinois campus. 
Diners were asked as soon as they sat down about their willingness to participate in the study; diners who 
already began consuming their meal were excluded. Diners who agreed to participate were informed of 
the basic study process, which included (1) assignment of a unique identification number  slip to be 
included in each photo, (2) completion of a one-page survey with basic demographic information and 
questions about their dining experience for the meal in question, and (3) digital photography of dish(es) 
pre- and post-meal (Figure 5.1). Diners themselves were not included in these photos. For the plate photo 
portion of the study, research assistants were trained to take photos with mobile tablets (Dell Venue 8; 
Dell, Inc., Round Rock, TX) at an angle above the dish(es). Additionally, research assistants recorded 
food selections on the corresponding survey to aid with identification of foods during the coding process. 
Diners were asked to help with item identification when necessary (primarily in the case of beverages). 
Post-meal photos were collected once the diner signaled that they were finished eating; however, this was 
not always possible since some diners left the dining hall before the picture could be taken. In this case, 
only the pre-meal photos were utilized in the analysis. 
During each data collection session, photos of nutrition labels posted for items in the dining hall 
were taken, which were cross-referenced with the menu offerings posted on the dining hall website to 
ensure the research team had access to a complete listing of all menu options offered at a given meal. 
One challenge in the photo data collection process was that the all-you-can-eat nature of the 
dining halls allowed students to go back for additional portions of food. In an effort to reduce confusion 
for both data collectors and photo coders, research assistants were instructed to only take photos of a 
diner’s dish(es) at the first sitting. While this may lead to underestimates of overall selection and 
consumption, the research team decided taking multiple rounds of photos would be too burdensome for 
data collectors and likely a nuissance to diners, which could have discouraged future participation by 
other students.  
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At the end of each data collection session, photos were extracted from mobile tablets, organized 
by day and dining hall facility, and renamed to reflect their identification number. Post-meal photos were 
signified by the addition of the letter “W” (for “waste”) at the end of the identification number. Food-
choice descriptions from all surveys were recorded into a single electronic file for the coding process. 
  
Coding System 
 Dietary intake was primarily assessed by three main components: (1) presence or absence of each 
food group; (2) how many servings of each group the diner selected and which foods represented these 
servings; and (3) what percentage of each food group was consumed (Figure 5.2). More concisely, the 
coding system was designed to assess presence, servings, and consumption of all food groups as defined 
by the 2015-2020 Dietary Guidelines for Americans (DGA)20. 
 Potatoes were examined as a sub-class of vegetables since the majority of the diners in this 
sample choosing potatoes selected French fries, which are prepared via deep frying, increasing caloric 
density. Similar to potatoes, cheese was counted as a separate class from dairy since all other dairy 
products offered in the dining halls were low-fat, so cheese represented a higher calorie choice within the 
group. Beans were assessed separately since they can be counted in either the vegetable or protein food 
group. Whole and refined grains were coded separately to assess if diners were meeting the DGA 
recommendation that half of grains choices should be in the form of whole grains. One additional food 
category added to the coding system was pizza; this commonly offered and consumed food is produced 
by a highly standardized recipe and includes dietary components from many different categories (e.g. 
protein, vegetables, grains), so we opted to account for it separately. Thus, categories such as grains, 
cheese, vegetables and protein would only account for those items present on the diner’s plate outside of 
pizza – there was no double-counting. Beyond the standard food groups, coders also noted the presence of 
fried foods, added sugars, solid fats, dessert, and meatless plates to capture how diners’ choices compared 
to other recommendations promoted by the DGA. 
 For an item to be deemed “present” on an individual’s plate, there had to be at least 0.25 servings 
(measured in cups or ounces, depending on the food group; Figure 5.2) of the food group in question. For 
example, if the only vegetables on a diner’s plate were one cherry tomato or one leaf of lettuce, this 
would not count as the diner having vegetables present, and it would not count as an item on the plate. 
However, if the diner’s plate had one cherry tomato, one leaf of lettuce, and carrot shavings, the plate 
would be coded as having vegetables present because the combined vegetables would be enough to 
constitute 0.25 servings. Furthermore, if these items were physically combined (e.g. like a salad) then 
they would be counted as a single item on the plate. If the items were not physically combined, then they 
would count as three items on the plate. To aid photo coders in understanding what different serving sizes 
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looked like, photos of commonly offered food items were taken of several standardized volumes using the 
same dishes used in the dining halls (Figure 5.3). All reference pictures were taken at the same angle and 
from the same distance for consistency purposes. These photos were compiled into a single electronic 
slide show to be referenced continuously throughout the coding process, refered to from hereon as the 
standardized food gallery. 
 For each food group that was considered present on the plate, the next step was to determine the 
number of servings for the group in question. To faciliatate accurate coding of servings, coders were 
instructed to compare each item on the plate to the standardized food gallery. Additionally, foods that 
were offered in standardized potions (for example: sausages, buns, paninis, stuffed peppers, cheese slices, 
etc) were assigned standardized servings for each food group that was represented in the food. Recipe 
information was obtained from dining services for mixed dishes to ensure any established standards were 
accurate. Coders were instructed to estimate all servings to the nearest quarter increment (e.g. 0.25, 0.50, 
0.75). All foods within a given food group (for example, if a diner had both beef and chicken on the plate) 
were combined for estimation of total servings. Disaggregating the number of servings for different items 
within the same food category was deemed overly burdensome and negligible to the overall research 
goals; however, coders were asked to identify the types of items present in each food category so the 
research team could assess the most commonly selected items within each category.    
 Consumption was then assessed for those plates where post-meal photos were available. Again, 
coders compared each remaining food to the standardized food gallery to estimate the portion. The 
estimation of remaining food was to be divided by the pre-consumption estimate to yield the fraction 
remaining, which can be substracted from 1 to yield total consumption. Coders estimated consumption to 
the nearest 10% increment, ranging from 0% to 100% consumption. While more crude measurements 
(25% or 50% increments) have been used to estimate consumption in real-time21, digital images allow 
coders ample time to provide more precise estimates. Previous digital photography studies have also 
utilized 10% consumption increments when investigating food intake16,18,19. 
 
Coder Training and Reliability Standards 
 Four graduate research assistants were selected to work on photo coding. Based on experience 
level, one student was identified as the lead coder. This student was responsible for: creating the 
standardized food gallery, assigning servings for standardized foods, and for training all other students on 
the coding system.  
The lead coder was considered to be the “standard” that other coders were compared to in 
reliability checks. Before reliability checks could begin, thresholds for acceptable (and unacceptable) 
deviations were set. The lead coder worked with the research team to establish these thresholds. For the 
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presence variables, each coder had to agree with the lead coder on whether or not a food category was 
present to be considered acceptable/correct. There were some cases when the lead coder would classify a 
category as present (but only with a very small serving amount) and another coder did not consider the 
category to be present (thus, zero servings) or vice versa. If the difference in servings between the two 
coders was within the acceptable deviation for servings in the category (explanation to follow), then this 
was considered to be acceptable/correct. However, if the difference exceeded the acceptable deviation, 
this was counted as unacceptable/incorrect.  
For coders to be in agreement with the lead coder on servings, they either had to match or fall 
within the acceptable deviation for each food category. Acceptable deviations were ±0.25 cups for fruit, 
vegetables, potatoes, low fat dairy and cheese; ±0.5 ounces for beans, whole and refined grains; and ±1.0 
ounces protein . Acceptable deviation levels were determined based on the range of servings observed for 
each food category. Categories that exhibited higher variation in servings were allocated a higher 
acceptable deviation level (Table 5.1). For consumption, the acceptable deviation was ±10%. Since 
selection and consumption data were not necessarily available for every food category on a given plate 
(e.g. a diner did not eat any whole grains or data collecters were unable to get a post-meal photo), there 
were less observations to compare for reliability checks.8 Categories such as whole grains and beans were 
so infrequently chosen that few plates would have selection data (table 1 shows that only 6.3% and 17.2% 
of plates contained whole grains and beans, respectively) and even fewer had consumption data since 
post-meal photos were not available for all plates (post-meal photos were available for 67% of diners in 
the inter-rater reliability analysis, n=124); thus, inter- and intra-rater reliability may be sensitive to even 
one incorrect/unacceptable classification in these food groups.  
 To calculate inter-rater reliability, agreement between each coder and the lead coder was assessed 
for the same set of approximately 180 meals (ranged from 180 to 185 meals, depending on the coder). For 
intra-rater reliability, agreement was assessed for approximately 50 meals (ranged from 46 to 53 meals, 
depending on the coder) that were coded twice by each coder; the second round of coding took place 
approximately one month after the initial coding. After reliability calculations were complete, coders 
reconciled any non-matches that were in excess of two standard deviations. 
 
Results  
                                                     
8 To be conservative, only non-zero observations were included in the reliability analyses for servings and 
consumption. If two coders agreed that there are no vegetables present on the plate, it could be argued that both 
coders would also agree that there were zero servings selected and zero servings consumed; however, the research 
team felt this would unfairly inflate the matching rate between coders. Thus, servings and consumption of a food 
category would only be considered for reliability purposes if at least one coder indicated the food category was 
present (and a post-meal photo was present in the case of consumption). 
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Table 5.2 reports the inter-rater reliability for the three coders compared to the lead coder for 
presence, servings, and consumption of ten food categories and five food attributes for 184 meals. 
Overall, the three coders matched with the lead coder for 93.4%, 94.2%, and 93.0% of the items assessed, 
respectively, with an overall matching percentage of 93.5%. The strongest overall food categories for 
coders were vegetables, potatoes, beans, protein, low-fat dairy, and refined grains; in these categories, 
agreement was at 85% or higher for each of the presence, servings, and consumption variables. Outside of 
beans and low-fat dairy, these were also the food categories that were most commonly present on diners’ 
plates (Table 4.1), so coders had more practice estimating servings and consumption for these foods.  
Coders were most consistent in identifying whether or not a food category or food attribute was 
present on the plate (14 of the 15 food categories/attributes had matching rates of 90% or greater), 
followed by estimating the number of servings in a food category (overall percent agreement ranged from 
81% for whole grains servings to 98% for beans). Consumption typically exhibited the lowest level 
agreement in food categories, with the average agreement ranging from 77% for whole grains to 94% for 
potatoes. Groups such as whole grains may have had lower agreement levels for consumption variables 
due to an overall smaller number of agreement opportunities. For a consumption matching opportunity to 
exist, a diner had to select a given food category and there had to be a post-meal photo. For rarely selected 
categories such as whole grains (Table 5.1 reveals only 5.4% of plates had whole grains present), there 
were only a few matching opportunities, so even one non-match could greatly impact the overall rate of 
agreement.  
Table 5.3 reports the intra-rater reliability results, which averaged 95.6% agreement over all 
categories for all coders; the four coders individually averaged 94.2%, 94.6%, 96.1%, and 97.3% internal 
agreement across all categories. Coders exhibited strong internal consistency (average matching score of 
85% or higher in presence, servings, and consumption variables) in several food categories including 
fruit, vegetables, potatoes, protein, low-fat dairy, refined grains, and pizza as well as the five food 
attributes.  Categories with lower agreement were beans, cheese, and whole grains, with the primary 
discrepancies in the consumption variables. In the case of beans, for example, three of the four coders had 
fewer than ten meals with beans present on the plate (and only four and five meals in the case of two 
coders); thus, there were less opportunities for practice for this food category. Additionally, beans were 
often found in soups or other mixed dishes, thus making consumption more challenging to ascertain. 
Conversely, cheese was commonly chosen by diners, but often in the form of shredded cheese on salads. 
Coders found it challenging at times to aggregate the shredded cheese into a fixed serving amount, and 
equally difficult to estimate the percentage of cheese remaining, especially when salads contained 
multiple toppings. Similar to beans, whole grains had lower levels of consistency strictly due to a limited 
number of observations. Rater 4 only had one meal with whole grains on the plate, meaning a non-match 
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in any category could significantly reduce the overall agreement numbers. Another potential reason for 
non-matches in the case of whole grains was the misidentification of grains. In other words, on the first 
time coding, a coder could have classified slices of bread as refined grains but counted them as whole 
grains the second time around. Thus, while the number of servings and consumption of grains overall 
may have matched, there was disagreement on the type of grain. This results in a non-match in both 
grains categories (selection and consumption); however, the whole grains agreement levels suffer much 
more due to the limited number of observations.  
 
Discussion 
While digital photography has been identified as a reliable and valid method of assessing dietary 
intake13-19, the majority of digital estimation has examined meals with pre-portioned food items (e.g., in 
school cafeteria settings). Standardized portions certainly make the establishment of a digital photography 
coding system more feasible; however, consumers often have the opportunity to serve themselves, such as 
at home or in buffet-style dining settings. Thus, it is important to determine how well a digital 
photography system translates to assessing dietary intake in self-serve dining settings. Williamson and 
colleagues16,18 conducted their digital analyses on foods served in university dining settings; however, the 
meals were assembled on plates by dining staff members, not the students themselves. In the present 
study, we propose a digital photography coding system to analyze the presence, servings, and 
consumption of DGA food categories in a university dining setting. College and university dining 
facilities are commonly self-serve in nature, making this an ideal study location; additionally, young 
adults are an important sub-population to study because they are forming dietary habits that will likely 
persist into adulthood22-24.  
Digital photography was deemed a feasible method for assessing dietary intake by both data 
collectors and digital dietary analysts. Inter-rater reliability rates (% matching) were 85% or higher, on 
average, for 30 of the 36 categories assessed. Intra-rater reliability was also high, with 33 of the 36 
categories assessed having average matching rates of 85% or greater. Raters were most consistent at 
identifying which food categories were present on the plate as well as how many servings of a given 
category were originally selected. Coding consumption proved more challenging; however, other studies 
have also exhibited lower correlations or matching rates for plate waste16,18. In terms of the specific food 
categories, reliability was highest among those categories that were most commonly selected by diners – 
fruits, vegetables, potatoes, protein, low-fat dairy, and refined grains. Whole grains exhibited some of the 
lowest levels of inter- and intra-rater reliability, but this was likely due to the limited number of 
observations and/or the mis-identification of grain type.  
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Relative to the existing literature, our study had several strengths. First, participants were only 
recruited after sitting down in the cafeteria with their meal, thus limiting observational biases that might 
have been present had participants been recruited before selecting their meal choices. We were also able 
to measure both inter- and intra-rater agreement between four coders, showing high levels of agreement 
for each. Crucially, meals were not prepared by research staff and participants were not recruited before 
selecting meals, so this high level of reliability was present even in a context where participants were 
unrestricted in their ability to choose and mix foods.  
This study was also the first to our knowledge to take plate photos using mobile tablets. 
Traditionally, meal photos have been taken with stationary cameras to capture a precise angle(s) of the 
plate13-16,18,19. This approach provides standardization which is desirable; however, a non-mobile photo 
station means that (1) diners must take extra steps to have their plates photographed and (2) they likely 
know about the photography process in advance which could impact their food selections as described 
above. Mobile tablets are more convenient for diners, allowing the data collectors to come to them. While 
photos may not all have been taken from the exact same angle, coders were still able to reliably compare 
plate photos to the reference portion photos in the standardized food gallery to form accurate estimations 
of selection, servings, and consumption.  
A final strength of this study is that the coding system was designed to provide higher quality 
information about the meal content. Ptomey et al.13 strictly report the number of kilocalories in a meal, 
but there was no discussion of specific meal components. Other studies have considered broad categories 
such as entrées, starches, produce, desserts, and beverages14-19, but the present study refines these 
approaches further by looking at the DGA categories and sub-categories (e.g., separating potatoes from 
vegetables; estimating beans separately so they can be easily converted to vegetables or protein; splitting 
refined and whole grains). The coding system also allows for the identification of the types of food within 
a broad category, so the researchers can have a comprehensive understanding of the quantity and quality 
of diners’ meals. 
While the present study has several strengths, there are also some limitations. First, this coding 
system was designed to assess selection, servings, and consumption of specific food categories but not 
caloric intake. Given the myriad information recorded for each plate, it is likely that a relatively accurate 
calorie estimate could be made for each meal, but this was not a primary objective when developing the 
coding system. Additionally, condiments and sauces were only assessed if they contained foods included 
in the DGA. For instance, while tomato sauce was considered a vegetable, ketchup was not considered as 
part of any food group (although plates containing ketchup were counted as having added sugars present). 
The present study was also unable to assess second helping for diners. To the author’s knowledge, only 
one previous study13 has explored second helpings, asking diners to bring their second round of dishes to 
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the research station for photos. A similar process could have been applied in this case, but the research 
team decided it was overly burdensome for participants and likely to discourage future participation from 
other students. 
 
Conclusions 
Our goal was to develop an inexpensive, fast, reliable, and valid tool to measure selection, 
servings, and consumption of DGA food categories in self-serve dining settings for large population-
based studies. Our method was deemed feasible for data collectors and dietary coders; it further showed 
high internal validity, with 93.5% overall agreement between four coders in the assessment of 
approximately 180 meals, and intra-rater agreement was similarly high at 95.6%. Digital photography 
analysis has potential to significantly improve upon current methods of dietary and energy intake 
assessment. Future research must focus on incorporating and improving technologies, particularly by 
incorporating computational tools in the time-intensive process of analyzing photos, to better understand 
patterns of dietary intake in population-based samples. 
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 FIGURES AND TABLES 
 
 
 
 
 
 
 
 
 
Figure 5.1. Example of a pre-meal (panel a) and post-meal (panel b) photo 
a) b) 
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Figure 5.2. Summary of Digital Photo Coding System Approach 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Food Categories 
No Yes 
# Servings 
(nearest 0.25) 
% Consumed*  
(nearest 10%) 
*if post-photo present 
Identify Foods 
Is/are there __________ on the plate: 
 Fruits (cups) 
 Vegetables (potatoes or other, cups) 
 Beans (ounces) 
 Protein (ounces) 
 Dairy (low-fat or cheese, cups) 
 Grains (refined or whole grain, 
ounces) 
 Pizza (slices) 
Is/are there ______ on the plate: 
 Fried Foods 
 Solid Fats 
 Added Sugars 
 Meat 
 Dessert 
 
 
Other Guidelines 
No Yes 
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Figure 5.3. Example serving size reference photos from the standardized food gallery  
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Table 5.1. Descriptive statistics on food categories assessed in digital photo coding system 
Food Category Measure 
Acceptable 
Serving 
Deviationa 
Serving Size 
Rangeb 
% Plates with Food 
Category Presentb 
Fruit Cups ± 0.25 0 - 2.25 21.6% 
Vegetables Cups ± 0.25 0 - 2.5 76.8% 
Potatoes Cups ± 0.25 0 - 1 54.6% 
Beans Ounces ± 0.5 0 - 3 19.5% 
Protein Ounces ± 1 0 – 11.5 90.3% 
Low-fat dairy Cups ± 0.25 0 – 1.5 18.9% 
Cheese Cups ± 0.25 0 - 3 33.0% 
Whole grains Ounces ± 0.5 0 - 4 5.4% 
Refined grains Ounces ± 0.5 0 - 8 76.2% 
Pizza Slice ± 1 0 - 5 35.1% 
a Acceptable consumption deviation was ± 10% for all food categories. 
b Based on the 185 meals coded by the lead coder in the inter-rater reliability portion of the study.  
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Table 5.2. Inter-rater reliability results (% matching) for three coders compared to the lead coder for 
presence, servings, and consumption of 10 food categories and 5 food attributes.  
Category 
Rater 1  
% Matching (n) 
Rater 2  
% Matching (n) 
Rater 3 % 
Matching (n) 
Average 
Agreement 
(%)† 
Fruit presence 98% (184) 97% (185) 98% (180) 98% 
Fruit servings 95% (44) 91% (43) 96% (46) 94% 
Fruit consumption 84% (25) 81% (27) 83% (29) 83% 
Vegetable presence 93% (184) 96% (185) 96% (180) 95% 
Vegetable servings 87% (145) 90% (147) 83% (136) 87% 
Vegetable consumption 88% (92) 88% (96) 82% (85) 86% 
Potatoes presence 93% (184) 97% (185) 96% (180) 95% 
Potatoes servings 94% (103) 88% (104) 96% (100) 96% 
Potatoes consumption 98% (66) 94% (62) 90% (69) 94% 
Beans presence 99% (184) 100% (185) 97% (180) 99% 
Beans servings 97% (32) 97% (36) 100% (30) 98% 
Beans consumption 94% (16) 85% (20) 87% (15) 88% 
Protein presence 98% (184) 99% (185) 98% (180) 98% 
Protein servings 88% (165) 91% (167) 86% (161) 88% 
Protein consumption 93% (103) 89% (108) 89% (104) 90% 
Low-fat dairy presence 100% (184) 98% (185) 98% (180) 99% 
Low-fat dairy servings 97% (37) 92% (36) 79% (29) 90% 
Low-fat dairy consumption 93% (28) 88% (26) 81% (21) 88% 
Cheese presence 89% (184) 95% (185) 89% (180) 91% 
Cheese servings 81% (64) 87% (68) 77% (64) 82% 
Cheese consumption 89% (45) 82% (50) 70% (47) 80% 
Whole grains presence 98% (184) 100% (185) 99% (180) 99% 
Whole grains servings 67% (15) 90% (10) 92% (12) 81% 
Whole grains consumption 73% (11) 86% (7) 75% (8) 77% 
Refined grains presence 96% (184) 97% (185) 96% (180) 96% 
Refined grains servings 91% (142) 90% (143) 91% (133) 91% 
Refined grains consumption 87% (85) 90% (88) 89% (82) 89% 
Pizza presence 99% (184) 99% (185) 98% (180) 99% 
Pizza servings (slices) 90% (60) 94% (66) 90% (59) 91% 
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Table 5.2 (cont.)     
Category 
Rater 1  
% Matching (n) 
Rater 2  
% Matching (n) 
Rater 3 % 
Matching (n) 
Average 
Agreement 
(%)† 
Pizza consumption 88% (34) 80% (40) 71% (35) 80% 
Presence of fried food 92% (184) 97% (185) 98% (180) 95% 
Presence of solid fat 91% (184) 86% (185) 92% (180) 90% 
Presence of added sugar 87% (184) 89% (185) 93% (180) 89% 
Presence of dessert 98% (184) 98% (185) 99% (180) 99% 
Presence of a meatless meal 94% (184) 95% (185) 94% (180) 95% 
Average Agreement (%)† 93.4% 94.2% 93.0% 93.5% 
Total Number of Meals 
Coded 184 185 180 - 
†Average agreement (%) is calculated as a weighted average across a row or down a column as:  
(Sum of the number of matches) / (Sum of the number of matching opportunities) *100.  
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Table 5.3. Intra-rater reliability results (% matching) for the four photo coders on presence, servings, and 
consumption of 10 food categories and 5 food attributes. 
Category 
Rater 1 
% Matching 
(n) 
Rater 2  
% Matching 
(n) 
Rater 3  
% Matching 
(n) 
Rater 4 
% Matching 
(n) 
Average 
Agreement (%)† 
Fruit presence 98% (46) 96% (53) 100% (52) 98% (53) 98% 
Fruit servings 88% (8) 100% (10) 93% (15) 90% (10) 93% 
Fruit consumption 88% (8) 100% (6) 71% (14) 100% (6) 85% 
Vegetable presence 100% (46) 96% (53) 98% (52) 92% (53) 97% 
Vegetable servings 91% (32) 97% (37) 89% (36) 100% (42) 95% 
Vegetable 
consumption 
93% (30) 97% (30) 87% (31) 91% (34) 
92% 
Potatoes presence 100% (46) 100% (53) 96% (52) 98% (53) 99% 
Potatoes servings 91% (22) 97% (30) 100% (39) 97% (31) 97% 
Potatoes consumption 90% (20) 100% (24) 94% (34) 100% (25) 96% 
Beans presence 100% (46) 100% (53) 98% (52) 100% (53) 100% 
Beans servings 100% (5) 100% (11) 75% (4) 100% (9) 97% 
Beans consumption 75% (4) 100% (9) 75% (4) 63% (8) 80% 
Protein presence 100% (46) 100% (53) 100% (52) 96% (53) 99% 
Protein servings 100% (39) 100% (47) 86% (43) 96% (49) 96% 
Protein consumption 86% (37) 95% (37) 87% (39) 90% (40) 90% 
Low-fat dairy 
presence 
100% (46) 100% (53) 100% (52) 100% (53) 
100% 
Low-fat dairy 
servings 
100% (14) 100% (6) 100% (1) 100% (26) 
100% 
Low-fat dairy 
consumption 
92% (13) 100% (5) N/A (0) 92% (13) 
97% 
Cheese presence 89% (46) 94% (53) 92% (52) 98% (53) 94% 
Cheese servings 81% (16) 92% (13) 85% (27) 82% (17) 85% 
Cheese consumption 67% (15) 100% (9) 79% (24) 87% (15) 81% 
Whole grains 
presence 
98% (46) 100% (53) 96% (52) 100% (53) 
99% 
Whole grains servings 50% (6) 100% (4) 82% (11) 0% (1) 
73% 
136 
 
Table 5.3 (cont.)      
Category 
Rater 1 
% Matching 
(n) 
Rater 2  
% Matching 
(n) 
Rater 3  
% Matching 
(n) 
Rater 4 
% Matching 
(n) 
Average 
Agreement (%)† 
Whole grains 
consumption 
100% (5) 100% (4) 75% (8) 100% (1) 
89% 
Refined grains 
presence 
98% (46) 100% (53) 100% (52) 98% (53) 
99% 
Refined grains 
servings 
92% (37) 98% (47) 90% (40) 95% (40) 
94% 
Refined grains 
consumption 
82% (34) 100% (37) 86% (36) 88% (34) 
89% 
Pizza presence 100% (46) 100% (53) 100% (52) 100% (53) 100% 
Pizza slices 100% (4) 83% (6) 100% (4) 94% (16) 93% 
Pizza consumption 100% (4) 83% (6) 100% (2) 100% (12) 96% 
Presence of fried food 93% (46) 96% (53) 96% (52) 96% (53) 96% 
Presence of solid Fat 96% (46) 87% (53) 94% (52) 92% (53) 92% 
Presence of added 
sugar 
89% (46) 87% (53) 98% (52) 94% (53) 
92% 
Presence of dessert 100% (46) 100% (53) 100% (52) 100% (53) 100% 
Presence of a meatless 
meal 
100% (46) 100% (53) 94% (52) 96% (53) 
98% 
Average Agreement 
(%)† 94.6% 97.3% 94.2% 96.1% 95.6% 
Total number of meals 
coded  
46 53 52 53 - 
†Average agreement (%) is calculated as a weighted average across a row or down a column as:  
(Sum of the number of matches) / (Sum of the number of matching opportunities) *100. 
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Chapter 6: The Impact of Nutrition Label Usage on Food Selection and Consumption in a 
University Dining Setting9 
 
 
ABSTRACT  
 
Objective: Combine survey and plate photo data to compare food selection and consumption of label 
users and non-users. 
Design: Diners were surveyed over lunch during weeks 8 and 12 of the Fall 2014 semester. Food 
selections were recorded, and pre- and post-meal photos were taken. Coded photos identified selection, 
servings, and consumption of MyPlate food categories. 
Setting: Two university dining halls 
Participants: Convenience sample of 1,075 diners (39% female, 53% freshman). 
Variables measured: Nutrition label use at that meal (5-point Likert scale), selection, servings, and 
consumption of food categories. 
Analysis: Chi-square tests tested differences in selection, and t-tests were used to test differences for least 
squares means of servings and net consumption of food groups for label users and non-users.  
Results: Label users were more likely to select fruit, vegetables and beans and less likely to select 
potatoes, fried foods, or those with added sugars than non-users. Label users had higher servings and 
greater consumption of vegetables and beans, and fewer of potatoes and refined grains. Label users also 
consumed more protein compared to non-users (all p<0.05).  
Conclusions and Implications: Label users behave differently than label non-users in selecting and 
consuming food. Both groups must improve to meet dietary guidelines. 
  
                                                     
9 An edited form of this article is currently under review. M.J. Christoph performed the analysis and drafted the 
manuscript; B. Ellison oversaw the analysis and study design. Both authors contributed to and approved the final 
manuscript. 
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Introduction 
Interventions including the posting of nutrition labels are commonly recommended to improve 
food choices in college students and young adults, a population at risk of: weight gain1, declines in 
physical activity and intake of fruits and vegetables, and increases in fast food and soft drink 
consumption2. However, evidence on the effectiveness of such interventions is mixed. Some research has 
shown that introducing nutrition labels in university settings can impact food sales and selection3-7, and 
weight status over the course of a year8. Conversely, other research has found labels had little impact on 
food choice or dietary behavior in college students and young adults9-11, and a small portion of studies 
suggested labels may have a negative impact on dietary quality12, 13.  
This lack of consensus may be partially due to some common limitations in the literature. For 
example,  the majority of these studies have been unable to either directly assess nutrition label usage4, 5, 9, 
13, and/or rely on self-reported measures of meal selections or intake7, 10. This limits knowledge of how 
nutrition label knowledge directly impacts food choices and consumption. This is crucial because while 
some of these studies suggest nutrition labels impact calorie selection and consumption, the mechanism, 
such as selecting healthier food choices or simply decreasing portion sizes, is unknown. A second 
complication is that label users may be inherently different than non-users, which could result in self-
selection bias and inconsistent estimates for the effect of nutrition labels14. Much of the current research 
does not attempt to control for such self-selection issues15-17; thus, it is unclear whether a link between 
label usage and dietary intake truly exists in young adults.  
The purpose of this study is to provide insight on the relationship between label use and food 
selection and consumption in college students. We improve upon the current literature in a number of 
ways. First, we directly assess label use by asking students if they used nutrition labels to make their food 
choices at the meal in question. Second, we directly assess food selection and consumption using digital 
photography, a method validated in cafeteria settings18, 19 and against food weights 19-22, direct visual 
estimation18, 19, 23, and doubly labeled water24, 25 which can be linked back to the student’s survey response 
regarding label use. Third, we surveyed participants on a host of socio-demographic and behavioral 
variables (such as sex, BMI, exercise frequency, nutrition education, etc.) to serve as controls to ensure 
any link between label use and food selection or consumption is robust. 
 
Methods 
Study Design 
We surveyed 1,075 diners at two dining halls serving over 9,000 students with meal plans and the 
general public at a major Midwestern university. Dining halls served a wide variety of food, including 
multiple daily rotating entrees, grilled meats, international cuisine, pizza, pasta, vegetarian and vegan 
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entrees and sides, a salad bar, dessert bar, and cereals. Except for salad bar items, which were not labeled 
due to space constraints, all items had a 2 x 3.5” nutrition label including the dish title, serving size, 
number of calories, and grams of fat, carbohydrates, and protein.  
Diners were surveyed at lunch (11:00am-1:30pm) Monday-Thursday during weeks eight and 
twelve of the 16-week long semester. Eligible diners had to be at least 18 years of age and just sitting 
down to eat; diners who were already eating their meal were not asked to participate. After diners agreed 
to participate, the research team recorded each diner’s food selections, took a photo of the diner’s meal 
using a mobile tablet (Dell Venue 8; Dell, Inc., Round Rock, TX), and gave the diner a brief survey to 
complete while they ate. Teams collected the survey at the conclusion of the meal and took a final plate-
waste photo when possible. In this analysis, only those with pre- and post-meal photos were included 
(N=1,075, 80.6% of the initial sample). 
 
Survey and Label Usage 
A 1-page survey included demographics, anthropometrics, behavioral characteristics, and 
nutrition label usage (Appendix A). Exercise was assessed by asking “How often do you exercise in a 
typical week?”, with 4 responses ranging from 1 = 0 times/week to 4 = 5 or more times/week. Nutrition 
education was assessed by the question: “How many nutrition courses have you taken during your college 
career?”, with responses ranging from 0-3 or more courses. Nutrition label usage was assessed by asking: 
“Do you agree or disagree that: I used calorie information to make my food choices today.” A 5-point 
Likert scale was used, where 1=Strongly Disagree and 5=Strongly Agree. The survey was first pilot-
tested with 150 students in a 3rd dining hall (not a part of this study) in week 3 of the fall semester. 
 
Dietary Intake Coding 
Pre-and post-meal photos were analyzed by four trained graduate students. Photos were coded to 
identify the presence, type, servings, and consumption of MyPlate food categories (fruit, vegetables, 
legumes, protein, low-fat dairy, whole and refined grains); potatoes, pizza, and cheese were coded as 
separate categories as they were commonly selected items that were not necessarily comparable with 
other items in their respective categories In the case of potatoes, French fries were consumed by 88.4% 
(N=527) of those consuming potatoes (N=596). Since frying is not a commonly used cooking method for 
vegetables beyond potatoes in the dining halls, the researchers opted to code this category separately. 
Similarly, cheese was analyzed separately from low-fat dairy since the cheeses served in the dining halls 
were not low-fat.   
An item within a food group was coded as present if there was at least a quarter cup (for fruits, 
vegetables, potatoes, dairy, and cheese) or a quarter ounce (for protein, legumes, grains) on the plate. If an 
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item by itself did not meet the threshold to be included as present but combined with another item in the 
same category (e.g. cauliflower and broccoli) it did, then the total serving size was assessed, and 
vegetables were coded as present on the plate. To determine the serving size, coders compared the 
servings present in the pre-meal photo to reference photos with standardized portions of foods from each 
food category. All standardized reference photos were taken at the same angle and from the same distance 
for consistency purposes. Only one serving size was recorded per category; therefore for diners who had 
two or more items within a category, the serving sizes were combined (e.g., a diner with 0.5 cups of corn 
and 0.5 cups of broccoli was coded as having both corn and broccoli for the types of vegetables present, 
and 1 cup for the servings of vegetables present). Last, consumption was assessed in increments of 10% 
(ranging from 0-100%) by comparing the remaining servings in the post-meal photo with those on the 
standardized portions. If 70% of the 1 cup of vegetables selected was eaten, then net consumption would 
be 0.7 cups of vegetables. If a diner did not have a food category present (e.g. a diner did not select any 
potatoes), this was counted as zero (0) servings selected and zero servings consumed. 
 In addition, it was noted if a student had fried food, dessert, a vegetarian/meatless plate, solid 
fats, and added sugars on their plate (all coded as yes=1 if the attribute was present; no=0 if not). Dessert 
was considered as any typical dessert item (e.g. baked goods, ice cream). Meatless/vegetarian plates were 
defined as those that did not contain any meat, fish, or shellfish; dairy products and eggs were acceptable, 
however. Solid fats were defined as butter, margarine, cream, animal fat, and hydrogenated or partially-
hydrogenated oils, according to MyPlate guidelines26. Because fried items were already assessed, this 
item only included foods that had solid fats outside of any fried items (e.g. if a plate had broccoli, a 
chicken breast, and French fries, it would have been coded as having fried food, but not as having solid 
fats). Added sugars were defined as foods and beverages with sugars added in the processing and 
preparation process; while this included desserts and sugary beverages, it also included common sauces 
such as ketchup, barbeque sauce, teriyaki sauce, sweet and sour sauce, and most salad dressings.       
 
Data Analysis 
For analysis purposes, label use was dichotomized such that diners who responded “agree” or 
“strongly agree” to the label usage survey question were classified as label users; all other respondents 
were considered non-users. To assess the impact of label usage on diners’ selections and intake, the plates 
of self-reported label users and non-users were compared. Chi-squared tests were used to assess 
differences in categorical variables including presence of food categories/attributes and types of foods 
selected. T-tests were used to assess differences in adjusted least squares means for serving sizes and net 
consumption. Means were adjusted for several factors, including age, sex, BMI category, exercise 
frequency, nutrition education, and dining hall. While servings and consumption may vary by sex simply 
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based on daily recommended intakes, research in college students has also shown that females may be 
more likely to use labels than males27, thus it is important to control for sex for multiple reasons. 
Additionally, since label use has been associated with age28, 29, BMI30, exercise31, and nutrition 
education/knowledge28, 32-34, these are critical variables to include to control for self-selection. Finally, we 
included dining hall as a control variable as the two dining sites were somewhat different in the variety of 
foods offered. One dining hall had approximately twice as many food options as the other, and it is 
possible that the increased variety could lead to increased selection and consumption35. 
All analyses were performed in SAS v.9.4 (SAS Institute, Cary, NC). A significance level of 
P<0.05 was used for all statistical tests. This study was approved by the Institutional Review Board at the 
University of Illinois Urbana-Champaign. 
 
Results 
Table 6.1 provides the sample characteristics for this study; 60.5% of participants were male, and 
the average age was 19.0 ± 1.3 years. The majority (68.7%) were normal weight, and 22.0% were 
considered label users, meaning they agreed or strongly agreed that they had used nutrition labels to make 
their food selections at that meal. 
 
Presence of Food Categories and Attributes  
The average diner selected 4.4 ± 1.4 items, with label users selecting an average of 4.5 ± 1.5 
items and non-users selected slightly less with an average of 4.3 ± 1.4 items (p=0.04). Across the entire 
sample, the most commonly selected food categories were protein (87.2% of diners selected protein 
items), refined grains (79.8%), and vegetables (70.3%); whole grains (8.2%), beans (14.3%), and low-fat 
dairy (15.7%) were the least commonly selected categories. Label users were more likely to select fruit, 
vegetables and beans and less likely to select potatoes than non-users (all p<0.05; Figure 6.1). Label 
users were also marginally more likely to select protein (p=0.0596) and less likely to select refined grains 
(p=0.0602). Selection of low-fat dairy, cheese, whole grains, and pizza did not differ by label usage. For 
food attributes, many diners were likely to have added sugars (76.8%), fried food (59.1%), and solid fats 
(42.3%) on their plates; however, label users were less likely to select fried foods and those with added 
sugars (both p<0.05); presence of desserts, solid fats, and meatless/vegetarian meals did not differ by 
label usage status (Figure 6.2).  
 
Servings and Net Consumption of Food Categories 
Adjusted least squares means showed the quantities of food selected by label users and non-users were 
fairly comparable; however, label users served themselves an average of 0.17 cups more vegetables, 0.06 
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ounces more beans, 0.07 cups fewer potatoes, and 0.27 ounces fewer refined grains (all p<0.05). Net 
consumption, calculated by multiplying servings selected by the percentage consumed, showed label 
users consumed 0.17 cups more vegetables, 0.04 ounces more beans, 0.33 ounces more protein, 0.06 cups 
fewer potatoes, and 0.21 ounces fewer refined grains (all p<0.05) compared to non-users (Table 6.2).  
 
Specific Items Selected within Food Categories 
 Table 5.2 shows the quantities selected and consumed by label users and non-users were similar 
for many food categories; however, this does not provide information on the specific types of items 
selected within each food category. Across all diners, the most commonly selected items were French 
fries, chicken, and hamburger or hotdog buns (consumed by almost 50%, 40%, and 31% of diners, 
respectively). Further, shredded cheese, hamburgers, and refined-grain pasta were all consumed by about 
a quarter of diners. Table 6.3 displays the proportion of individual items chosen by label usage status 
(note: only items that were selected by at least 4.5% of label users and/or non-users were included in the 
table). For the fruit and vegetable categories, label users were significantly more likely to select apples, 
spinach, lettuce, carrots, cucumbers, onions, and mixed salads (all p<0.05) and marginally more likely to 
select tomatoes (p=0.06) relative to non-users. For potatoes, label users were less likely to select French 
fries than non-users (p<0.0001). No items in the beans and legumes group were chosen by at least 4.5% 
of users or non-users. For protein items, label users were significantly more likely to select chicken 
(p=0.02) and were marginally more likely to select shellfish (p=0.07); conversely, non-users were 
marginally more likely to select hot dogs (p=0.06). Selection of cheese, low-fat dairy, and whole grain 
items did not differ by label usage. For refined grains, nutrition label users were less likely to select 
hotdog/hamburger buns (selected by 20.7% of label users versus 33.2% of non-users; p=0.0002).  
 
Discussion 
In a large population-based sample of 1,075 diners eating lunch in two university dining halls, 
labels users were more likely to select fruits, vegetables, and beans and less likely to choose potatoes, 
fried foods, and added sugars. Additionally, label users chose and consumed larger servings of vegetables 
and beans and smaller servings of refined grains and potatoes compared to label non-users. Label users 
also consumed more protein than non-users. Regarding the specific types of foods selected, label users 
were more likely to select salads and salad-related items (carrots, cucumbers, etc.) and lean proteins 
(chicken and shellfish) and less likely to choose French fries and hotdog or hamburger buns. These results 
suggest the quality of foods selected may be closer to MyPlate guidelines26 for label users relative to non-
users; however, the quantity of food selected and consumed is quite similar between the two groups. This 
is an important finding, as many studies examining the impact of nutrition label use on dietary intake in 
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college students have failed to distinguish whether changes in macronutrient intake12, 36 were due to food 
quantity and/or quality differences.  Further, this is one of a few studies to measure dietary intake in 
addition to asking diners about their label usage, instead of inferring usage4, 9, 10, 13, 37-39. 
While our results suggest label users may be making slightly better choices than non-users, it is 
important to note that both groups have significant room for improvement. Young adult diners should be 
eating 2.5 – 3 cups of vegetables (depending on sex) and 2 cups of fruit daily40; however, in this study, 
diners served less than a cup of vegetables (with approximately 25% - 37.2% of those vegetables coming 
from potatoes for users and non-users, respectively) and less than 0.25 cups of fruit. Servings of dairy 
were also well below daily recommended levels. In terms of grains, it is recommended that at least half of 
all grains should be derived from whole grains26, yet only 9.3% of all grains selected were whole grains. 
The one category where diners are meeting (and potentially exceeding) dietary recommendations is for 
protein. MyPlate recommendations would also suggest diners need to work on cutting down the amounts 
of fried foods, added sugars, and solid fats in their meals26.  
While this study makes several contributions to the existing literature, there are also some 
limitations. First, we were unable to assess second helpings, so our results may be considered a lower 
bound for servings of food selected and consumed. Based on the researchers’ own observations from 
being in the dining halls during data collection, this likely had the biggest impact on the fruit and refined 
grains categories. Dining facilities permitted students to take a piece of fruit or dessert “to go”. “To go” 
items were therefore not present at the meal photo stage unless a student selected it with their regular 
meal. A second limitation was that post-meal photos could not be obtained for all diners, often due to 
time constraints and class schedules. Finally, while this study controls for many factors that may be 
different between label users and non-users, it is possible there are other unobservable characteristics that 
we cannot include in the present analysis.  
 
Implications for Research and Practice 
This study reveals that label use may improve some aspects of food selection and consumption, 
but nutrition could be significantly improved for both label users and non-users, particularly regarding 
consumption of fruit, vegetables, beans, whole grains, and low-fat dairy. Educational efforts beyond 
nutrition labeling and environmental interventions such as redesigning food stations to promote healthier 
foods should be investigated to improve nutrition in this population. For example, based on the 
preliminary data, the dining sites in the present study increased their offerings of hot vegetables as well as 
whole grains to encourage greater consumption of these foods. Dining facilities may also investigate 
product reformulations to incorporate more nutrient-dense foods in popular food items.  
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FIGURES AND TABLES 
Figure 6.1. Food category selections are shown for nutrition label users (n = 236) and non-users (n = 
839). Label users were more likely to select fruit, vegetables and beans and were less likely to select 
potatoes and whole grains. * indicates p<0.05, ** indicates p<0.01, and *** indicates p<0.001.   
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Figure 6.2. Food attributes are shown for nutrition label users (n = 236) and non-users (n = 839). 
Nutrition label users were significantly less likely to select fried foods and those with added sugars. * 
indicates p<0.05, ** indicates p<0.01, and *** indicates p<0.001.   
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Table 6.1. Participant characteristics are shown for the 1,075 participants.  
Variable 
Total Sample 
(N = 1075) 
Gender (%)  
     Male 60.5 (n = 651) 
     Female 39.4 (n = 424) 
Classification (%)  
     Freshman 53.2 (n = 572) 
     Sophomore 26.9 (n = 289) 
     Junior 10.2 (n = 110) 
     Senior 5.5 (n = 59) 
     Graduate Student / Other 4.2 (n = 45) 
Age in Years (mean ± SD) 19.0 ± 1.3 (n = 1075) 
Weight Status (%)
a
  
     Underweight  (BMI < 18.50) 6.5 (n = 70) 
     Normal Weight  (18.50 ≤ BMI ≤ 24.99) 68.7 (n = 739) 
     Overweight  (25 ≤ BMI ≤ 29.99) 19.8 (n = 213) 
     Obese  (BMI ≥ 30) 4.9 (n = 53) 
Usage of Labels (%)b  
     Strongly agree or Agree 22.0 (n = 236) 
     Neither agree nor disagree 12.4 (n = 133) 
     Strongly disagree or Disagree  65.7 (n = 706) 
Exercisec 43.8 (n = 472) 
     0 times/week 17.9 (n = 192) 
     1-2 times/week 38.3 (n = 412) 
     3-4 times/week 28.4 (n = 305) 
     5 or more times/week 15.4 (n= 166) 
Number of nutrition classes taken in colleged 12.4 (n = 134) 
     0 classes 87.5 (n = 941) 
     1 classes 9.9 (n = 106) 
     2 classes 1.6 (n = 17) 
     3 or more classes 1.0 (n = 11) 
a Self-report height and weight data were used to calculate BMI. b Usage was dichotomized where 
1=Strongly agree or Agree; 0=All other responses. c Exercise was dichotomized where 1=3 or more 
times/week; 0=0-2 times/week. d Classes were dichotomized where 1= 1 or more classes; 0=0 classes.
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Table 6.2. Adjusted least squares means* for servings and net consumption of food categories shown for nutrition label users and non-users 
(N=1,075).  
 Servings (±SD)  Net Consumption (±SD) 
 
Label  
User 
Label  
Non-user 
 
p-value 
 
Label  
User 
Label  
Non-user 
 
p-value 
Fruit (cups) 0.23 ± 0.04 0.18 ± 0.03 0.18  0.19 ± 0.03 0.15 ± 0.03 0.18 
Vegetables (cups) 0.66 ± 0.04 0.49 ± 0.03 <0.001  0.58 ± 0.03 0.41 ± 0.03 <0.001 
Potatoes (cups) 0.22 ± 0.03 0.29 ± 0.02 0.003  0.20 ± 0.03 0.26 ± 0.02 0.01 
Beans (ounces) 0.23 ± 0.03 0.17 ± 0.02 0.009  0.18 ± 0.02 0.14 ± 0.02 0.03 
Protein (ounces) 3.47 ± 0.21 3.25 ± 0.17 0.21  3.14 ± 0.18 2.81 ± 0.15 0.04 
Low Fat Dairy (cups) 0.12 ± 0.04 0.13 ± 0.03 0.70  0.11 ± 0.03 0.12 ± 0.03 0.75 
Cheese (cups) 0.09 ± 0.21 0.29 ± 0.17 0.26  0.06 ± 0.21 0.25 ± 0.17 0.28 
Whole Grains (ounces) 0.15 ± 0.05 0.12 ± 0.04 0.57  0.13 ± 0.04 0.10 ± 0.03 0.39 
Refined Grains (ounces) 0.98 ± 0.11 1.25 ± 0.10 0.007  0.88 ± 0.10 1.09 ± 0.09 0.01 
Pizza (slices) 0.19 ± 0.05 0.24 ± 0.04 0.23  0.18 ± 0.04 0.20 ± 0.03    0.59 
*Means adjusted for age, sex, dining hall, exercise, nutrition education, and BMI categories. 
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Table 6.3. Individual items selected* by label usage status. 
Items Selected 
% Selected by Label Users  
(n=236) 
% Selected by  
Label Non-Users  
(n=839) p-value 
Fruit    
   100% Fruit Juice   6.8 (n = 16) 7.9 (n = 66) 0.58 
   Apple   6.4 (n = 15) 1.2 (n = 10) <0.001 
Vegetables    
   Spinach 12.3 (n = 29) 7.5 (n = 63) 0.02 
   Broccoli 11.4 (n = 27) 9.7 (n = 81) 0.42 
   Lettuce 22.0 (n = 52) 16.2 (n = 136) 0.04 
   Corn   8.5 (n = 20) 6.3 (n = 53) 0.24 
   Carrots 10.2 (n = 24) 5.8 (n = 49) 0.02 
   Tomato 17.0 (n = 40) 12.3 (n = 103) 0.06 
   Cucumber   5.1 (n = 12) 2.5 (n = 21) 0.04 
   Onion 16.5 (n = 39) 9.5 (n = 80) 0.003 
   Peppers   5.9 (n = 14) 8.5 (n = 71) 0.20 
   Mixed salad 16.1 (n = 38) 8.0 (n = 67) <0.001 
   Mixed cooked vegetables   9.3 (n = 22) 8.2 (n = 69) 0.59 
   Stir fry mixed veg   5.9 (n = 14) 3.8 (n = 32) 0.16 
   Mushrooms   5.1 (n = 12) 3.9 (n = 33) 0.44 
   Marinara 11.9 (n = 28)        11.0 (n = 92) 0.70 
Potatoes    
   Fries 36.9 (n = 87) 52.4 (n = 440) <0.001 
   Sweet potato fries 3.8 (n = 9) 5.0 (n = 42) 0.45 
Protein     
   Beef   9.8 (n = 23) 12.9 (n = 108) 0.19 
   Pork   9.8 (n = 23)        10.1 (n = 85) 0.86 
   Chicken   44.9 (n = 106) 36.7 (n = 308) 0.02 
   Bacon   6.8 (n = 16) 5.5 (n = 46) 0.45 
   Hot dog   7.2 (n = 17)        11.4 (n = 96) 0.06 
   Hamburger 20.8 (n = 49) 24.7 (n = 207) 0.21 
   Salmon   5.9 (n = 14) 6.4 (n = 54) 0.78 
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Table 6.3 (cont)    
Items Selected 
% Selected by Label Users  
(n=236) 
% Selected by  
Label Non-Users  
(n=839) p-value 
   Shellfish   9.3 (n = 22) 6.0 (n = 50) 0.07 
   Vegetarian Protein   5.1 (n = 12) 3.2 (n = 27) 0.18 
Low-fat dairy    
   White milk   6.4 (n = 15) 8.3 (n = 70) 0.32 
   Chocolate milk 3.4 (n = 8) 5.6 (n = 47) 0.17 
Cheese    
   Shredded 27.5 (n = 65) 24.4 (n = 205) 0.33 
   Sliced 11.4 (n = 27) 15.0 (n = 126) 0.16 
Whole grains    
   Whole wheat bread   4.2 (n = 10) 4.9 (n = 41) 0.68 
Refined grains    
   Buns (hotdog or hamburger) 20.8 (n = 49) 33.3 (n = 279) <0.001 
   Bread and rolls 11.0 (n = 26) 12.3 (n = 103) 0.60 
   Pita or flatbread   6.8 (n = 16) 5.5 (n = 46) 0.45 
   Rice 24.2 (n = 57) 19.4 (n = 163) 0.11 
   Pasta 22.5 (n = 53) 25.4 (n = 213) 0.36 
   Cornmeal   5.5 (n = 13) 5.6 (n = 47) 0.96 
   Flour tortilla   4.2 (n = 10) 4.9 (n = 41) 0.68 
*While a wide variety of items were selected in the study, this table only presents those items that were 
selected by 4.5% or more of label users and/or non-users. 
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CONCLUSIONS 
This dissertation reviews the predictors and impact of nutrition label use in college students, and 
reports on two empirical studies in the UIUC dining halls investigating the specific impact of label 
placement and time on awareness and usage, and the relationship between usage and dietary intake. 
Chapter 1 provided an overall summary and theoretical basis for this work, focusing specifically on the 
Social-ecological Model and behavioral economics. 
In Chapter 2 we reviewed sixteen cross-sectional studies in college students, finding an overall 
nutrition label usage prevalence of 36.5%; nutrition label use was more common for females, those with 
positive attitudes towards healthy diet, those who believed in the importance of nutrition labels in guiding 
food selection, and those with higher self-efficacy, and nutrition knowledge and education. This study is 
the first to provide a review of predictors of nutrition label use in college students, and has been published 
by Public Health Nutrition. This study filled a particular gap in its highlighting of the wide variety of 
tools for assessing nutrition label use and the lack of studies investigating a comprehensive number of 
possible correlates, which may be confounding any observed relationships between label use and dietary 
quality. 
In Chapter 3 we reported on the relationship between nutrition label use and dietary quality in a 
review of 25 unique studies in college students. Twenty of the 25 studies showed that nutrition label use 
or presence was associated with some measure of dietary quality in at least some participants. Of the 11 
studies occurring in college cafeterias, two found negative effects of nutrition labels, seven found positive 
effects, and two found no overall effects. For the five set in on-campus convenience stores and dining 
units and using vending machines, three found no impact of labeling while two found a positive impact. 
The four laboratory studies all reported improvements in dietary intake in the presence of nutrition labels. 
All five cross-sectional studies reported that nutrition label users were more likely to exhibit positive 
dietary behaviors. Of the studies comparing different label types, three out of four showed that traffic 
light, exercise, or contextual labels showing recommended daily intake were more effective than simple 
calorie labels; the last study showed that numeric and traffic light labels were equally effective. Nutrition 
labels therefore likely have a small but positive impact on the dietary intake of college students, an effect 
modified by personal factors, setting, and the type of label used. This review filled an important gap by 
including and comparing studies across different settings, thus enabling us to observe the effectiveness of 
labels in one setting over another. Further, the vast majority of systematic reviews assessing the impact of 
nutrition label use on dietary quality have used calories selected or consumed as the only measure of 
dietary quality; by analyzing this relationship in a small population, we were able to address this gap by 
observing multiple measures of dietary quality. 
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Chapter 4 reported our empirical results of the impact of label location on awareness and usage in 
a dining hall setting. Awareness and usage did not vary by label placement or over time. Awareness was 
related to being male, obese, having higher stress, taking nutrition classes, having good/excellent eating 
habits, tracking food intake, and exercising 5 or more times/week. Usage was related to being female, 
being overweight or obese, higher perceived stress levels, having good/excellent eating habits, eating 
breakfast, tracking food intake, and exercising 1 or more times per week. Information preferences differed 
by usage, but calories, fat, and protein were the most preferred pieces of information. Not caring, already 
having a good idea about nutrition information, and not having time were the top reasons for label non-
use. This is one of the largest intervention studies involving nutrition label use in college students, and 
was able to measure the impact of label location and timing, important gaps in the current literature. This 
article has been accepted for publication by the Journal of the Academy of Nutrition and Dietetics. 
Chapter 5 overviewed the development of a method for using digital photography to objectively 
measure dietary intake. Current population-based methods for assessing dietary intake, including food 
frequency questionnaires, food diaries, and 24-hour dietary recall, are limited in their ability to 
objectively measure food intake. We therefore utilized pilot-tested a method utilizing digital photography 
to measure the food intake of university students in a self-serve dining hall setting. Four coders rated 
approximately 180 meals for inter-rater reliability analyses; approximately 50 additional meals were 
coded twice by each coder to assess intra-rater agreement. This coding system provides insight on food 
selection, servings, and consumption of food categories based on the Dietary Guidelines for Americans. 
Inter-rater agreement between three coders and the lead coder was high at 93.5%; intra-rater agreement 
was similarly high with an average of 95.6% agreement. The highest rates for agreement were for the 
selection and servings of food categories whereas estimating consumption, particularly for items such as 
cheese that often were part of mixed dishes, was more challenging. Overall, we found that our digital 
photography method was internally consistent and could provide an objective measure of dietary intake in 
self-serve dining settings with a high degree of agreement between coders. This study fills a crucial gap 
by developing a system for which digital photography can be used to measure dietary quality in relation 
to fulfilling the UDHHS and USDA’s Dietary Guidelines for Americans, compared to assessment of 
caloric or macronutrient intake. 
Chapter 6 reported on the impact of nutrition label usage on food selections, servings, and 
consumption by comparing the plates of 1075 nutrition label (those who agreed they used nutrition labels 
to make their food choices at the meal surveyed) and non-users. Dietary intake was assessed using the 
digital photography method developed in Chapter 5, and photos were coded for the presence, servings, 
and consumption of MyPlate food categories. Label users were more likely to select fruit, vegetables and 
beans and less likely to select potatoes (all p<0.05) than non-users. Users were less likely to have chosen 
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foods with added sugars, or that were fried (both p<0.05). Using least squares means to adjust for age, 
gender, BMI category, exercise level, having previously taken a college-level nutrition class, and dining 
hall format, label users served themselves an average of 1/6 cup more vegetables, 0.06 ounces more 
beans, 0.05 cups fewer potatoes, and ¼ ounce fewer refined grains (all p<0.05). Label users also 
consumed 1/6 cup more vegetables, 0.04 ounces more beans, 1/3 ounce more protein, 0.06 cups fewer 
potatoes, and 1/5 ounce fewer refined grains (all p<0.05) compared to non-users. Additionally, the 
prevalence of food items within categories differed by label usage. Label users behaved differently than 
label non-users in selecting and consuming food. However, both groups must improve significantly to 
meet current dietary guidelines, so educational efforts beyond nutrition labeling may be needed. While 
studies have validated digital photography for the measurement of caloric or macronutrient intake in small 
populations (showing its comparability to doubly labeled water or visual estimation), our method is 
capable of assessing dietary intake in larger samples, and thus could work in concert with methods such 
as food diaries or food frequency questionnaires to assess dietary patterns rather than simple estimating 
caloric intake. This study therefore fills a particularly important gap in showing how digital photography 
can be utilized for large, population-based samples to objectively measure dietary quality. 
Taken together, these five papers report on the predictors and prevalence of nutrition label use 
among a young college student population, the relationship between label usage and dietary intake in 
college populations, the development of a digital dietary method for objectively assessing dietary intake 
in a self-serve cafeteria setting, and the impact of label usage on dietary intake in our sample. Results 
from our reviews and empirical studies indicate that nutrition label implementation and use likely has 
beneficial effects on the selection and consumption of food.  
Future Directions 
In future, it will be crucial to measure the effectiveness of different labels, as several empirical 
studies and one systematic review has suggested that contextual or suggestive label types may be more 
effective than simple textual labels. Label size and placement should also be studied further. Additionally, 
more studies should measure both label usage and dietary intake.  
Another important gap in the current literature is that very few studies are both longitudinal and at 
the individual level; longitudinal studies often report sales data, and are therefore unable to account for 
individual differences or confounding factors. Alternatively, many individual-level studies have small 
sample sizes, and have limited external validity due to observation in only one dining setting.   
Also a limitation in current studies is that few account for compensation over the course of the 
day. Since dietary intake at any given meal is likely impacted by intake at other meals that day, it will be 
crucial to measure daily intake to gain a better view of daily patterns of intake rather than just one meal.  
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Last, few studies assess the impact of labels on dietary intake in combination with other 
interventions. Since labeling interventions appear to have only a small impact, it will be crucial to 
measure their effectiveness in combination with other interventions, particularly non-education 
interventions such as behavioral “nudges”. Performing rigorous, well-designed experiments focusing on 
these gaps can facilitate a more informed view of nutrition label use and dietary intake in college students, 
and will provide a baseline understanding for implementing interventions to improve dietary patterns. 
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Appendix A: Participant Survey 
1. Have you participated in this dining hall  
research project before today (i.e., earlier   
in the semester)? 
        Yes 
        No 
 
2. How often do you eat in the dining halls? 
        0-1 times per week 
        2-3 times per week 
        4-5 times per week 
        6 or more times per week 
 
3. How many people are you eating with 
today at this meal? 
        Just me 
        1 other person 
        2 other people 
        3 other people 
        4 other people 
        5 or more other people 
 
4. How often does this dining hall provide 
calorie information for food items? 
        Always 
        Often 
        Sometimes 
        Rarely 
        Never 
 
5. Do you agree or disagree that: I noticed  
calorie information on food items in the  
dining hall today. 
        Strongly Agree 
        Somewhat Agree 
        Neither Agree nor Disagree 
        Somewhat Disagree 
        Strongly Disagree 
 
 
 
 
 
 
 
 
   
 
 
6. Do you agree or disagree that: I used 
calorie information to make my food 
choices today. 
        Strongly Agree 
        Somewhat Agree 
        Neither Agree nor Disagree 
        Somewhat Disagree 
        Strongly Disagree 
 
7. If you did not use the calorie information    
to make your food choices today, what are 
the main reasons for this choice? Please 
select the top TWO reasons you did not use 
calorie information. 
  I did not see the calorie information. 
  I did not have time to look at or read 
      the calorie information. 
  I did not understand the calorie      
information. 
  I did not know how to use the calorie  
     information. 
  The calorie information was difficult to  
      see/read (text was too small). 
  I do not care about calorie information. 
  I already have a good idea about the   
calorie information for the foods I eat. 
  Other:       
 
8. What suggestions do you have for the 
dining halls to improve the current calorie 
labeling system? 
 
               
 
               
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How many calories would you estimate are in the food items on your plate? 
Plate Items Descriptions Expected Plate Calories 
                         Calories 
 Please turn over and complete the other side. 
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9.  What is your gender?  
        Male 
        Female 
 
 10. What is your classification at the U of I?  
         Freshman 
         Sophomore 
         Junior 
         Senior 
         Graduate Student 
         Other:      
 
 11. What is your age? 
         18 years old 
         19 years old 
         20 years old 
         21 years old 
         22 years old 
         23 years old or more 
 
 12. What is your current height? 
 
                 Feet      Inches 
 
 
 13. What is your current weight (in pounds)? 
 
         Pounds 
 
 14. What is your current goal regarding your  
       weight?  
         I would like to lose weight 
         I would like to gain weight 
         I would like to maintain my current  
weight 
 
 15. Approximately how many hours of sleep  
       did you get last night? 
 
            Hours of sleep  
 
16. Approximately what time did you go to  
      sleep last night?     
 
      Time:     pm / am 
 
17. How many exams and papers do you have  
      due for your courses this week? 
 
        Exams this week  
        Papers due this week 
18. Do you agree or disagree that: I feel very  
      stressed this week.  
        Strongly Agree 
        Somewhat Agree 
        Neither Agree nor Disagree 
        Somewhat Disagree 
        Strongly Disagree 
 
19. Did you eat breakfast this morning? 
        Yes (continue to question #20) 
        No (skip to question #21) 
 
20. What did you have for breakfast? 
              
 
21. How would you rate the healthfulness of  
      your eating habits? 
        Poor 
        Fair 
        Average 
        Good 
        Excellent 
 
22. Do you currently track your food intake  
       (using a mobile app, food journal, etc.)?  
        Yes 
        No 
 
23. How many nutrition courses have you taken    
during your college career? 
        0 nutrition courses 
        1 nutrition course 
        2 nutrition courses 
        3 or more nutrition courses 
 
24. How often do you exercise in a typical week? 
        0 times per week 
        1-2 times per week 
        3-4 times per week 
        5 or more times per week 
 
25. Do you have a university meal plan? 
        Yes 
        No 
 
26. Which dining hall do you eat at most often?  
      (Please check only ONE) 
        Ikenberry Commons 
        Illinois Street (ISR) 
        Busey-Evans 
        Lincoln/Allen (LAR) 
        Pennsylvania Avenue (PAR) 
        Florida Avenue (FAR) 
